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BETADINE Microbicides promptly kill 
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BETADINE Microbicides have been 
documented specifically by name—and in the 
same formulations you employ in practice— 
in over 650 published reports encompassing 
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_ Valuable in serious gram negative infe 
(including anaerobic infections) ere 
7 o lin abscess/empyema — Chlorom ycetin (chloramphenicol sodium succinate 


Um æ endocarditis ... for injection, USP) is one antibiotic that consistently 
| .. msepticemia/bacteremia crosses the blood-brain barrier in effective concentra- 






|. mdeep-seated abscess tions. It hasa remarkably broad spectrum thatincludes - 
... m brain abscess | organisms within the designation of die ipis ied 3x: 










= mepiglottitis and gram-positive, aerobic and anaerobic and, - 
| . mmeningitis especially, many species of the anaerobes, such; as 
= mwoundinfections | Bacteroides, Clostridium, and Peptostreptococcus, 
-m abdominal sepsis responsible for serious infections. Used piegeuely, 
Xs a pelvic abscesses Chloromycetin can save lives. os | | 
; 3 “*Due to susceptible Praamsma den less porem hazerdous therapeutic agents are ineffective or ‘contraindicated. 
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Prescribing Information 

Chloromycetin? Sodium Succinate 
teat sodium succinate for injection, 
For intravenous administration 


WARNING 
Serious and fatal blood dyscrasias (aplastic anemia, 
hypoplastic anemia, thrombocytopenia, and granulo- 
cytopenia) are known to occur after the administra- 
tion of chloramphenicol. In addition, there have been 
reports of aplastic anemia attributed to chloram- 
phenicol which later terminated in leukemia. Blood 
dyscrasias have occurred after both short-term and 
prolonged therapy with this drug. Chloramphenicol 
must not be used when less potentially dangerous 
agents will be effective, as described in the INDICA- 
TIONS section. It must not be used in the treatment of 


trivial infections or where it is not indicated, as in 
colds, influenza, infections of the throat; or as a 
prophylactic agent to prevent bacterial infections. 
Precautions: It is essential that adequate blood 
studies be made during treatment with the drug. While 
blood studies m" etect early peripheral blood 
eu 


changes, such as leukopenia, reticulocytopenia, or 
granulocytopenia, before they become rreversible, 
such studies cannot be relied on to detect bone 
marrow depression prior to development of aplastic 
anemia. To facilitate appropriate studies and observa- 
tion during therapy, it is desirable that patients be 
hospitalized. 


IMPORTANT CONSIDERATIONS IN PRESCRIBING IN- 
JECTABLE CHLORAMPHENICOL SODIUM SUCCINATE 


CHLORAMPHENICOL SODIUM SUCCINATE IS INTENDED 
FOR INTRAVENOUS USE ONLY. IT HAS BEEN DEMON- 
CULA E TOBE INEFFECTIVE WHEN GIVEN INTRAMUS- 


1. Chloramphenicol sodium succinate must be hydrolyzed to 
its microbiologically active form and there is a lag in 
achieving adequate blood levels compared with the base 
given intravenously. 

2. The oral form of chloramphenicol is readily absorbed and 
adequate blood levels are achieved and maintained on the 
recommended dosage. 

3. Patients started on intravenous chloramphenicol sodium 
succinate should be changed to the oral form as soon as 
practicable. 

DESCRIPTION 

Chloramphenicol is an antibiotic that is clinically useful for. and 
should be reserved for, serious infections caused by organ- 
isms susceptible to its antimicrobial effects when less 
potentially hazardous therapeutic agents are ineffective or 
contraindicated. Sensitivity testing is essential to determine its 
indicated use, but may be performed concurrently with 
therapy initiated on clinical impression that one of the 
indicated conditions exists (see INDICATIONS section). 

Each gram (10 ml of a 10% solution) of chloramphenicol 
sodium succinate contains approximately 52 mg (2.25 mEq) 
of sodium 

ACTIONS AND PHARMACOLOGY 

In vitro chloramphenicol exerts mainly a bacteriostatic effect 
on a wide range of gram-negative and gram-positive bacteria 
and sactivein vitro against rickettsias, the lymphogranuloma- 
psittacosis group. and Vibrio cholerae. Chloramphenicol is 
particularly active against Salmonella typhi and Hemophilus 
influenzae. The mode of action is through interference or 
inhibition of protein synthesis in intact cells and in cell-free 
systems. 

Chloramphenicol administered orally is absorbed rapidly 
from the intestinal tract. In controlled studies in adult volun- 
teers using the recommended dosage of 50 mg/kg/day, a 
dosage of 1 geverysix hours for eight doses was given. Using 
the microbiological assay method, the average peak serum 
level was 11.2 mcg/ml one hour after the first dose. A 
cumulative effect gave a peak rise to 18.4 mcg/ml after the fifth 
dose of 1 g.-Mean serum levels ranged from 8 to 14 mcg/ml 
over the 48-hour period. Total urinary excretion of chloram- 
phenicol in these studies ranged from a low of 68% to a high of 
9995 over a three-day period. From 8 to 1296 of the antibiotic 
excreted is in the form of free chloramphenicol: the remainder 
consists of microbiologically inactive metabolites, principally 
the conjugate with glucuronic acid. Because the glucuronide 
is excreted rapidly, most chloramphenicol detected in the 
blood is in the microbiologically active free form. Despite the 
small proportion of unchanged drug excreted in the urine, the 
concentration of free chloramphenicol is relatively high, 
'amounting to several hundred mcg/ml in patients receiving 
divided doses of 50 mg/kg/day. Small amounts of active drug 
are found in bile and feces. Chloramphenicol diffuses rapidly, 
but its distribution is not uniform. Highest concentrations are 
found in liver and kidney, and lowest concentrations are found 
in brain and cerebrospinal fluid. Chloramphenicol enters 
cerebrospinal fluid even in the absence of meningeal inflam- 
mation, appearing in concentrations about half of those found 
in the blood. Measurable levels are also detected in pleural 
and in ascitic fldids, saliva, milk, and in the aqueous and 
vitreous humors. Transport across the placental barrier occurs 
with somewhat lower concentration in cord blood of newborn 
infants than in maternal blood. 

INDICATIONS 
In accordance with the concepts inthe WARNING box and 
this INDICATIONS section, chloramphenicol must be used 
only in those serious infections for which less potentially 
dangerous de are ineffective or contraindicated. How- 
ever, chloramphenicol may be chosen to initiate antibiotic 
therapy on the clinical impression that one of the condi- 
tions below is believed to be present: in vitro sensitivity 
tests should be performed concurrently so that the drug 
may be discontinued as soon as possible if less poten- 
tially dangerous agents are indicated by such tests. The 
decísion to continue use of chloramphenicol rather than 





another antibiotic when both are e reete by in vitro 
studies to be effective against a s c pathogen should 
be based upon severity of the infection, susceptibility of 
the pathogen to the various antimicrobial drugs, efficacy 
of the various drugs in the infection, and the important 
additional concepts contained in the WARNING box 
above: 
1. Acute infections caused by S typhi* 
It is not recommended for the routine treatment of the 
typhoid carrier state 
2. Serious infections caused by susceptible strains in accor- 
dance with the concepts expressed above: 
a) Salmonella s»ecies 
b) H influenzae. specifically meningeal infections 
c) Rickettsia 
d) Lymphogranuloma-psittacosis group 
e) Various gram-negative bacteria causing bacteremia, 
meningitis. o other serious gram-negative infections 
f) Other susceptible organisms which have been demon- 
strated to beresistant to all other appropriate antimicro- 
bial agents 
3. Cystic fibrosis regimens 


*In the treatment of typhoid fever. some authorities recommend that 
chloramphenicol be administered at therapeutic levels for 8 to 10 days 
after the patient has become afebrile to lessen the possibility of relapse 


CONTRAINDICATIONS 
Chloramphenicol is contraindicated in individuals with a 
history of previoushypersensitivity and/or toxic reaction to it. /f 
must not be used in the treatment of trivial infections or where it 
is not indicated, as in colds, influenza, infections of the throat, 
or as a prophylacfc agent to prevent bacterial infection 


PRECAUTIONS 

1. Baseline blood studies should be followed by periodic 
blood studies approximately every two days during therapy 
The drug shoulc be discontinued upon appearance of 
reticulocytopenia, leukopenia, thrombocytopenia, anemia, 
or any other blocd study findings attributable to chloram- 
phenicol. However. it should be noted that such studies do not 
exclude the possible later appearance of the irreversible type 
of bone marrow depression. 

2. Repeated courses of the drug should be avoided if at all 
possible. Treatment should not be continued longer than 
required to produze a cure with little or no risk of relapse of the 
disease 

3. Concurrent *herapy with other drugs that may cause 
bone marrow derression should be avoided 

4. Excessive blood levels may result from administration of 
the recommende4 dosage to patients with impaired liver or 
kidney functions. including that due to immature metabolic 
processes in the infant. The dosage should be adjusted 
accordingly or, preferably. the blood concentration should be 
determined at ap>ropriate intervals 

5. There are no studies to establish the safety of this drug in 
pregnancy. 

6. Because chipramphenicol readily crosses the placental 
barrier, caution in use of the drug is particularly important 
during pregnancv at term or during labor because of potential 
toxic effects on tre fetus (gray syndrome) 

7. Precaution should be used in therapy of premature and 
full-term infants o avoid gray syndrome toxicity (see AD- 
VERSE REACTIONS). Serum drug levels should be carefully 
followed during therapy of the newborn infant. 

8. Precaution should be used in therapy during lactation 
because of the possibility of toxic effects on the nursing infant. 

9. The use cf this antibiotic, as with other antibiotics, may 
result in an overcrowth of nonsusceptible organisms, includ- 
ing fungi. If infections caused by nonsusceptible organisms 
appear during therapy, appropriate measures should be 
taken. 

ADVERSE REACTIONS 
1. Blood Dyscrasias 

The most serious adverse effect of chloramphenicol is bone 
marrow depression. Serious and fatal blood dyscrasias 
(aplastic anemia, hypoplastic anemia, thrombocytopenia, 
and granulocyto2enia) are known to occur after the adminis- 
tration of chloramphenicol. An irreversible type of marrow 
depression leacing to aplastic anemia with a high rate of 
mortality is characterized by the appearance weeks or months 
after therapy of tone marrow aplasia or hypoplasia. Peripher- 
ally, pancytoperia is most often observed, but in a small 
number of cases only one or two of the three major cell types 
(erythrocytes, leukocytes, platelets) may be depressed. A 
reversible type of bone marrow depression. which is dose- 
related. may ozcur This type of marrow depression is 
characterized 5; vacuolization of the erythroid cells, reduc- 
tion of reticulocy es, and leukopenia, and responds promptly 
to the withdrawal of chloramphenicol 

An exact dete-mination of the risk of serious and fatal blood 
dyscrasias is rot possible because of lack of accurate 
information regarding (1) the size of the population at risk, (2) 
the total numbe- of drug-associated dyscrasias. and (3) the 
total number oí non-drug-associated dyscrasias. 

In a report to tne California State Assembly by the California 
Medical Association and the State Department of Public 
Health in Janua^y 1967, the risk of fatal aplastic anemia was 
estimated at 124.200 to 1:40,500 based on two dosage 
levels. 

There have been reports of aplastic anemia attributed to 
chloramphenicol which later terminated in leukemia. 

Paroxysmal rocturnal hemoglobinuria has also been re- 
ported. * 

2. Gastrointestinal Reactions 

Nausea, vorriting, glossitis and stomatitis. diarrhea and 
enterocolitis mey occur in low incidence. 
3. Neurotoxic Reactions 

Headache. mild depression, mental confusion, and delir- 
ium have been described in patients receiving chlorampheni- 
col. Optic and peripheral neuritis has been reported, usually 
following long-term therapy. If this occurs, the drug should be 
promptly withdrawn 
4. Hypersensitivity Reactions 

Fever, macular and vesicular rashes, angioedema, urticar- 
ia, and anaphylaxis may occur. Herxheimer reactions have 


occurred during therapy for typhoid fever. 
5. "Gray Syndrome" 

Toxic reactions including fatalities have occurred in the 
premature and newborn; the signs and symptoms associated 
with these reactions have been referred to as the gray 
syndrome. One case of gray syndrome has been reported in 
an infant born to a mother having received chloramphenicol 
during labor. One case has been reported in a 3-month-old 
infant. The following summarizes the clinical and laboratory 
studies that have been made on these patients. 

a) In most cases, therapy with chloramphenicol had been 

instituted within the first 48 hours of life. 

b) Symptoms first appeared after three to four days of 
en treatment with high doses of chlorampheni- 
col. 

c) The symptoms appeared in the following order 
(1) abdominal distention with or without emesis; 

(2) progressive pallid cyanosis: 

(3) vasomotor collapse, frequently accompanied by 
irregular respiration, 

(4) death within afew hours of onsetof these symptoms. 

d) The progression of symptoms from onset to exitus was 
accelerated with higher-dosage schedules 

e) Preliminary blood serum level studies revealed un- 
usually high concentrations of chloramphenicol (over 90 
mcg/ml after repeated doses) 

f) Termination of therapy upon early evidence of the 
associated symptomatology frequently reversed the 
process with complete recovery. 


ADMINISTRATION 


Chloramphenicol, like other potent drugs, should be pre- 
scribed at recommended dosages known tohave therapeutic 
activity. Administration of 50 mg/kg/day in divided doses will 
produce blood levels of the magnitude to which the majority of 
susceptible microorganisms will respond. 

As soon as feasible, an oral dosage form of chloram- 
phenicol should be substituted for the intravenous form 
because adequate blood levels are achieved with 
chloramphenicol by mouth. 

The following method of administration is recommended: 

Intravenously as a 1096 (100 mg/ml) solution to be injected 
over at least a one-minute interval. This is prepared by the 
addition of 10 mi of an aqueous diluent, such as water for 
injection or 5% dextrose injection. 


DOSAGE 

Adults 

Adults should receive 50 mg/kg/day in divided doses at 
six-hour intervals. In exceptional cases, patients with infec- 
tions due to moderately resistant organisms may require 
increased dosage up to 100 mg/kg/day to achieve blood 
levels inhibiting the pathogen, but these high dosages should 
be decreased as soon as possible. Adults with impairment of 
hepatic or renal functions or both may have reduced ability to 
metabolize and excrete the drug. In instances of impaired 
metabolic processes, dosages should be adjusted accord- 
ingly. (See discussion under Newborn Infants.) Precise control 
of concentration of the drug in the blood should be carefully 
followed in patients with impaired metabolic processes by the 
available microtechniques (information available on request). 
Children 

Dosage of 50 mg/kg/day divided into four doses at six-hour 
intervals yields blood levels in the range effective against most 
susceptible organisms. Severe infections (eg., bacteremia or 
meningitis), especially when adequate cerebrospinal fluid 
concentrations are desired, may require dosage up to 100 
mg/kg/day; however, it is recommended that dosage be 
reduced to 50 mg/kg/day as soon as possible. Children with 
impaired liver or kidney functions may retain excessive 
amounts of the drug. 


Newborn Infants 
(See section titled Gray Syndrome under ADVERSE REAC- 
TIONS.) 

A total of 25 mg/kg/day in four equal doses at six-hour 
intervals usually produces and maintains concentrations in 
blood and tissues adequate to control most infections for 
which the drug is indicated. Increased dosage in these 
individuals, demanded by severe infections, should be given 
only to maintain the blood concentration within a therapeuti- 
cally effective range. After the first two weeks of life, full-term 
infants ordinarily may receive up to a total of 50 mg/kg/day 
equally divided into four doses at six-hour intervals. These 
dosage recommendations are extremely important because 
blood concentration in all premature infants and full-term 
infants under 2 weeks of age differs from that of other infants 
This difference is due to variations in the maturity of the 
metabolic functions of the liver and the kidneys. 

Whenthese functions are immature (or seriously impaired in 
adults), high concentrations of the drug are found which tend 
to increase with succeeding doses. 

Infants and Children with Immature Metabolic Processes 

In i infants and other children in whom immature 
metabolic functions are suspected, a dosage of 25 mg/kg/ 
day will usually produce therapeutic concentrations of the 
drug in the blood. In this group particularly, the concentration 
of the drug in the blood should be carefully followed by 
microtechniques. (Information available on request.) 


HOW SUPPLIED 
N 0071-4057-03 (Steri-Vial* No. 57) 
Chloromycetin (chloramphenicol) Sodium Succinate is 
supplied as a dried powder in Steri-Vials (rubber 
diaphragm-capped vials). When reconstituted as directed. 
each vial contains a sterile solution equivalent to 100 mg of 
chloramphenicol per milliliter (1 g/10 ml). Available in 
packages of 10 vials. 
Chloromycetin, brand of chloramphenicol, Reg US Pat Off 


R 
PARKE-DAVIS 


PD-JA-2284-1-P(10-78) 
PARKE-DAVIS 
Division of Warner-Lambert Company 
Morris Plains, NJ 07950 


os 


QO 


13 


19 


23 


30 


35 


40 


47 


Sl 


ANNALS OF SURGERY 


TA 


191 January 1980 No. 1 


CONTENTS 


Evolution of the Surgical Management of Primary Aldosteronism 


Stephen P. Auda, M.D., Murray F. Brennen, M.D., John R. Gill, Jr., M.D., 


Bethesda, Maryland 


Clinically Occult Breast Cancer: Multicentricity and Implications for Treatment 
Gordon F. Schwartz, M.D., Arthur S. Patchefsky, M.D., Stephen A. 
Feig, M.D., Gary S. Shaber, M.D., Amory B. Schwartz, Philadelphia, 
Pennsylvania 


Primary Carcinoma of the Duodenum 


Anders Alwmark, M.D., Ake Andersson, M.D., Ake Lasson, M.D., Hassle- 
holm, Sweden 


Gallbladder Carcinoma First Diagnosed at Microscopic Examination of Gall- 
bladders Removed for Presumed Benign Disease 
Leif Bergdahl, M.D., Stockholm, Sweden 


Evaluation of Aggressive Surgery for Carcinoma of the Extrahepatic Bile Ducts 
A. Evander, M.D., P. Fredlund, M.D., J. Hoevels, M.D., I. Ihse, M.D., 
S. Bengmark, M.D., Lund, Sweden 


Postoperative T-tube Cholangiography. Is Antibiotic Coverage Necessary? 
Henry A. Pitt, M.D., Russell G. Postier. M.D., John L. Cameron, M.D., 
Baltimore, Maryland 

Role of Gastrin in Vagally-stimulated Pancreatic Secretion 
Sergio Guzman, M.D., Janos Lonovics, M.D., Kelly E. Hejtmancik, PH.D., 
Luis Gomez, M.D., Phillip L. Rayford, PH.D., James C. Thompson, M.D., 
Galveston, Texas 


Influence of Total Parenteral Nutrition on Fuel Utilization in Injury and Sepsis 
J. Askanazi, M.D., Y. A. Carpentier, M.D., D. H. Elwyn, PH.D., J. Norden- 
ström, M.D., M. Jeevanandam, PH.D., S. H. Rosenbaum, M.D., F. E. Gump, 
M.D., J. M. Kinney, M.D., New York, New York 


Vein Reconstruction of a Mycotic Internal Carotid Aneurysm 


Robert C. Monson, II, M.D., Raymond H. Alexander, M.D., Gainesville, 
Florida 


Surgical Treatment of Chronic Occlusive Disease of the Enteric Visceral Branches 
of the Abdominal Aorta: Experience with 119 Operations 
A. V. Pokrovsky, P. O. Kasantchjan, Moscow, U.S.S.R. 






peralime 
‘special delivery. 


No pumps 
Allows continuous gravity-flow 
administration. 


Lightweight i 


Ambulatory patients can maneuver 
with more ease. 


Eliminates jerry-rigging 
A single component that’s disposable. 
Saves time for the entire staff. 


À st Economical 
o Just add Vivonex HN and a feeding tube 


Simple flow regulation 





“The plastic bag administration set and a 
- microdrip chamber permit accurate 
' administration during a wide range of rates. 
The elimination of the need for an infusion 
pump renders the technique less expensive 
and cumbersome. The patients may be fully 
ambulatory while receiving therapy "! * 


| 





Special... 


«4 because its 
a complete 


Easy-to-fill pouch 
Holds up to 1 liter of 
Vivonex HN; 100-ml 
calibrations add accuracy. 


Sturdy pouch 
access 


Can be opened and closed 
without weakening. 
Permits volume or 
concentration changes 
and addition of vitamins or 
medications. 





| Unique drip 
meter 
Allows simple flow- 
rate monitoring. 
Microdrops/minute 
equate to ml/hr for 
desired flow rate 
(60 drops- 1 ml; 60 
drops/min- 60 ml/hr). 


Screw clamp 


Finely threaded for 
precise adjustment. 







Male Luer 


Fits most small-caliber 
feeding tubes. 


References: 1. Page CP, Ryan JA Jr, Haff RC: Continual catheter 
administration of an elemental diet. Surg Gynecol Obstet 142:184-188, 
1976. 2. Randall HT (ed): Nutrition and surgical patients. Contemp 
Surg 11(1): 7-22, 1977. 3. Blackburn GL, Bistrian BR: Nutritional care 
ee injured and /or septic patient. Surg Clin North Am 56:1195-1224, 


Special...because it 
delivers Vivonex’ HN.’ 


VIVONEX HN provides complete enteral nutrition 
with free amino acids. Being truly elemental, it 
requires minimal digestion and allows maximal 
absorption. The extremely low viscosity allows 
Vivonex HN to flow continuously, at any rate, 
without clogging. 


“Increasingly, these diets are used in patients 

with fistulas, inflammatory bowel disease, partial 
obstruction, and malabsorption—states for which 
total parenteral nutrition was once considered most 
appropriate. "? 


VIVONEX HN—the only elemental high nitrogen 
die*—Ahas “...a nitrogen to calorie ratio of 1:150— 
the best ratio for anabolism. "? By continuous 
administration of Vivonex HN via the Vivonex 
Delivery System, the same positive nitrogen 
balance, weight gain, and accelerated wound 
healing can be achieved as with parenteral 
hyperalimentation, but without the catheter-induced 
thrombophlebitis, sepsis, and patient discomfort. 


*Infarmation on Vivonex HN usage and precautions accompanies the 


product and should be reviewed before use. 


Norwich-Eaton Pharmaceuticals 
Division of Morton-Norwich Products, Inc. 
Norwich, NY 13815 





VIV 


DELIVERY 
SYSTEM 





EV-8061 


10A 


57 


59 


66 


72 


75 


81 


87 


98 


105 


114 


117 


CONTENTS Continued 


Determination of Intestinal Viability by Doppler Ultrasonography in Venous 
Infarction 
Marc Cooperman, M.D., Edward W. Martin, Jr., M.D., Larry C. Carey, 
M.D., Columbus, Ohio 


Infrapopliteal Arterial Reconstruction in the Severely Ischemic Lower Extremity: 
A Comparison of Long-Term Results of Peroneal and Tibial Bypasses 
Frederick A. Reichle, M.D., Mark W. Martinson, M.D., Kevin P. Rankin, 
M.D., Philadelphia, Pennsylvania 


Gastroesophageal Scintigraphy to Assess the Severity of Gastroesophageal Reflux 
Disease 
Richard A. Menin, M.D., Leon S. Malmud, M.D., Robert P. Petersen, M.D., 
Willis P. Maier, M.D., Robert S. Fisher, M.D., Philadelphia, Pennsylvania 


Early Postoperative Small Bowel Obstruction 
John C. Quatromoni, M.D., Leonard Rosoff, Sr., M.D., James M. Halls, M.B., 
Albert E. Yellin, M.D., Los Angeles, California 


Toxic Megacolon Complicating Crohn's Colitis 
Michael B. Grieco, M.D., Dennis L. Bordan, M.D., Alan C. Geiss, M.D., 
Arthur R. Beil, Jr., M.D.. New York, New York 


Bladder Function After Abdominoperineal Resection of the Rectum for Anorectal 
Cancer: Urodynamic Investigation Before and After Operation in a Consecutive 
Series 
Thomas C. Gerstenberg, M.D., Mogens Lykkegaard Nielsen, M.D., Steen 
Clausen, M.D., Jan Blaabjerg, M.D., John Lindenberg, M.D., Copenhagen, 
Denmark 


Diagnosis, Treatment and Prognosis of Early Melanoma: The Importance of Depth 
of Microinvasion 
Yeu-Tsu N. Lee, M.D., Los Angeles, California 


Clinical Aspects of Unknown Primary Melanoma 
Armando E. Giuliano, M.D., H. Stephens Moseley, M.D., Donald L. Morton, 
M.D., Los Angeles, California 


Transplantation of Insulinoma into the Diabetic Syrian Hamster 
Douglas Reintgen, M.D., Jerome Feldman, M.D., Carol Vervaert, M.T., 
H. F. Seigler, M.D., Durham, North Carolina 


Thromboresistant Surface Costings for the Measurement of Cardiac Output 
Through Continuous Low Flow Peripheral A-V Shunts 
G. Michael Deeb, M.D., Harvey S. Borovetz, PH.D., Bartley P. Griffith, 
M.D., Robert L. Hardesty, M.D., Pittsburgh, Pennsylvania 


Book Reviews 


a 


ll Compact...easy to store...all in a sealed 


With the Dulcolax Bowel Prep Kit plus mag- 
E plastic container nesium citrate " 
lil Versatile...easily snaps onto the top of a 
A | 


tients because of poorly cleansed colons has 
magnesium citrate bottle...can be used with fallen to approximately 1 percent of all barium 
other saline cathartics or with castor oil 


enema studies.” 
ll Economical...suggested retail price is less 
than most other kits 


... the reexamination rate of pa- 


1 Sorrentino A P et al. Am J Hosp Pharm 26:432-435, 1969 
@ Convenient...for nursing staff or the out- 


AN 
alll 
patient. Sold in a handy dispenser of 5. ECHWE 


Boehringer Ingelheim Ltd. 
^ Ridgefield, CT 06877 






MCs AN 


Dulcolax’ 


brand of bisacodyl USP 


Bowel 
Prep Kit 





Each kit contains: 
4 Dulcolax tablets of 5 mg bisacodyl 
e o 6 6 


complete patient instructions 












DC-0b597-0055 


Julcola P 


brand of bisacodyl USP 


Bowel 





Prep Kit : 
ach containing 4 tat Š : 
5 mg each, 1 suppository, 10 mg oa ae $ t 
4 tablets, 5 mg each E 
1 een OrY 10 mg 
Announcing the E 


> 
a 
A?) 


Dulc 9lax 
 Do"el Prep Kit 








PROXIMATE 


DISPOSABLE 9 SKIN SIAPLER 


. Faster, easier approximation. — 
Consistent, reliable skin coaptation. 


Faster approximation _ 
superior cosmetic results 


Excellent control, improved accuracy - 

The PROXIMATE disposable skin stapler is a fast, simple closing 

device that can reduce operating time and provide excellent 

cosmetic results. This instrument is designed to fit your hand for 

comfortable, easy use. Smooth trigger action with less firing force 

and flexible work angle provide excellent control and accuracy. 

Minimal trauma, staples removed easily 

The PROXIMATE stapler forms virtually inert rectangular-shaped 

stainless steel staples. Wound edges are held together by the 

staple’s legs. Tissue reaction and trauma are minimal. Wider 

crowns keep the staples upright, minimizing rotation, easing 

removal. 9g (Siian 
Staple counts and sizes for all closing needs CORR ae s 
PROXIMATE products are available with regular and wide staples pot — P om 
in counts of 15, 35, and 55 to meet closing needs for short, Be Cae ae IE ste 
medium, and long incisions. — 

Touch skin lightly using centerline 
indicator to ensure equidistant staple 
placement across the incision. 

Fire, release completely, and with- 


draw instrument with backward 
* Trademark ©ETHICON, INC. 1979 motion. 





ETHICON 


Innovators in wound closure 


PROXIMATE staplers have been 
proven 99% reliable in actual use.** 


Staples placed accurately. 
Designed for precise placement: 


Ample space between staple crown Extractor designed for easy removal 

and skin surface minimizes cross- of staples. Simply position jaws 

Watching and eases staple extrac- beneath staple span, squeeze 

tion. Properly placed staples handles until fully closed, and lift 

provide accurate apposition with staple. **Based on data on file at ETHICON, INC. 
minimal tension. for PSR35 and PSW35. 





14A 


Notice to Contributors and Subscribers 


ANNALS OF SURGERY is a monthly journal which considers 
for publication original articles in the field of surgery. It is the 
oldest continuously published journal in the English language 
solely devoted to the surgical sciences. The Editorial Board 
considers only papers judged to offer significant contributions 
to the advancement of surgical knowledge. 

CONTRIBUTIONS. Four typed copies of the manuscript and 
four copies of the illustrations should be sent prepaid to the 
Chairman of the Editorial Board of Annals of Surzery. 


David C. Sabiston, Jr., M.D. 
Annals of Surgery 
Department of Surgery 
Duke University Medical Center 
Durham, North Carolina 27710 


Annals of Surgery has joined a number of other leading 
Medical Journals which endorse the ** Uniform Requirements 
for Manuscripts Submitted to Biomedical Journals." These 
Requirements were established by an agreement among a 
number of Editors of Clinical Journals in the United States, 
Canada and the United Kingdom. The Criteria for prepara- 
tion of manuscripts are as follows: 


SUMMARY OF REQUIREMENTS 


Type manuscript double spaced, including title page, 
abstract, text, acknowledgments, references, tadles, and 
legends. 

Each manuscript component should begin on a new page, 
in this sequence: 

Title page 

Abstract and key words 

Text 

Acknowledgments 

References 

Tables: each table, complete with title and footnotes, on a 

separate page 

Legends for illustrations 

Illustrations must be good quality, unmounted glossy prints 
usually 12.7 by 17.3 cm (5 by 7 in.) but no larger than 20.3 by 
25.4 cm (8 by 10 in.). 

Submit the required number of copies of manuscript and 
figures (see journal's instructions) in heavy-paper envelope. 
Submitted manuscript should be accompanied by covering 
letter, as described under "" Submission of Manuscripts, ` and 
permissions to reproduce previously published materials or 
to use illustrations that may identify subjects. 

Follow journal's instructions for transfer of copyright. 

Authors should keep copies of everything submitted. 


PREPARATION OF MANUSCRIPT 


Type manuscript on white bond paper, 20.3 by 25.7 cm or 
21.6 by 27.9 cm (8 by 10% in. or 8% by 11 in.) or ISO A4 
(212 by 297 mm) with margins of at least 2.5 cm (1 in.). Use 
double spacing throughout, including title page. abstract, 
text, acknowledgments, references, tables, and legends for 
illustrations. Begin each of the following sections or separate 
pages: title page, abstract and key words, text, acknowledg- 


ments, references, individual tables, and legends. Number 
pages consecutively, beginning with the title page. Type the 
page number in the upper right-hand corner of each page. 

Manuscripts will be reviewed for possible publication with 
the understanding that they are being submitted to one journal 
at a time and have not been published, simultaneously sub- 
mitted, or already accepted for publication elsewhere. This 
does not preclude consideration of a manuscript that has been 
rejected by another journal or of a complete report that 
follows publication of preliminary findings elsewhere, usually 
in the form of an abstract. Copies of any possibly duplicative 
published material should be submitted with the manuscript 
that is being sent for consideration. 


TITLE PAGE 

The title page should contain [1] the title of the article, 
which should be concise but informative; [2] a short running 
head or footline of no more than 40 characters (count letters 
and spaces) placed at the foot of the title page and identified; 
[3] first name, middle initial, and last name of each author, 
with highest academic degree(s); [4] name of department(s) 
and institution(s) to which the work should be attributed; 
[5] disclaimers, if any; [6] name and address of author 
responsible for correspondence about the manuscript; 
[7] name and address of author to whom requests for reprints 
should be addressed, or statement that reprints will not be 
available from the author; [8] the source(s) of support in the 
form of grants, equipment, drugs, or all of these. 


ABSTRACT AND KEY WORDS 

The second page should carry an abstract of not more than 
150 words. The abstract should state the purposes of the 
study or investigation, basic procedures (study subjects or 
experimental animals and observational and analytic 
methods), main findings (give specific data and their 
statistical significance, if possible), and the principal con- 
clusions. Emphasize new and important aspects of the study 
or observations. Use only approved abbreviations (see list 
of Commonly Used Approved Abbreviations elsewhere in 
this document). 

Key (indexing) terms: Below the abstract, provide and 
identify as such, three to 10 key words or short phrases 
that will assist indexers in cross-indexing your article and 
that may be published with the abstract. Use terms from the 
Medical Subject Headings list from /ndex Medicus when- 
ever possible. 


TEXT 

The text of observational and experimental articles is 
usually — but not necessarily — divided into sections with the 
headings Introduction, Methods, Results, and Discussion. 
Long articles may need subheadings within some sections 
to clarify their content, especially the Results and Discussion 
sections. Other types of articles such as case reports, 
reviews, and editorials are likely to need other formats, and + 
authors should consult individual journals for further 
guidance. 

Introduction: Clearly state the purpose of the article. Sum- 
marize the rationale for the study or observation. Give only 


it 


strictly pertinent references, and do not review the subject 
extensively. 

Methods: Describe your selection of the observational or 
experimental subjects (patients or experimental animals, in- 
cluding controls) clearly. Identify the methods, apparatus 
(manufacturer’s name and address in parentheses), and pro- 
cedures in sufficient detail to allow other workers to repro- 
duce the results. Give references to established methods, 
including statistical methods; provide references anc brief 
descriptions of methods that have been published but zre not 
well known; describe new or substantially modified methods, 
give reasons for using them, and evaluate their limitations. 

When reporting experiments on human subjects, irdicate 
whether the procedures followed were in accord with the 
ethical standards of the Committee on Human Experimenta- 
tion of the institution in which the experiments were done or 
in accord with the Helsinki Declaration of 1975. When report- 
ing experiments on animal subjects, indicate whether the 
institution's or the National Research Council's guide for the 
care and use of laboratory animals was followed. Ident-fy pre- 
cisely all drugs and chemicals used, including generic 
name(s), dosage(s), and route(s) of administration. Do not 
use patients’ names, initials, or hospital numbers. 

Include numbers of observations and the statistical sig- 
nificance of the findings when appropriate. Detailed stztistical 
analyses, mathematical derivations, and the like may some- 
times be suitably presented in the form of one or more 
appendixes. 

Results: Present your results in logical sequence in the text, 
tables, and illustrations. Do not repeat in the text all the data 
in the tables and/or illustrations: emphasize or summarize 
only important observations. 

Discussion: Emphasize the new and important aspects of 
the study and conclusions that follow from them. Do not 
repeat in detail data given in the Results section. Include in 
the Discussion the implications of the findings and their 
limitations and relate the observations to other relevant 
studies. Link the conclusions with the goals of the study but 
avoid unqualified statements and conclusions not completely 
supported by your data. Avoid claiming priority and alluding 
to work that has not been completed. State new hypotheses 
when warranted, but clearly label them as such. Recom- 
mendations, when appropriate, may be included. 


ACKNOWLEDGMENTS 

Acknowledge only persons who have made substantive 
contributions to the study. Authors are responsible for ob- 
taining written permission from everyone acknowledged by 
name because readers may infer their endorsemert of the 
data and conclusions. 


REFERENCES 

Number references consecutively in the order in which 
they are first mentioned in the text. Identify references in 
text, tables, and legends by arabic numerals (in parentheses). 
References cited only in tables or in legends to figures should 
be numbered in accordance with a sequence established by 
the first identification in the text of the particular table or 
illustration. 

Use the form of references adopted by the U.S. National 
Library of Medicine and used in /ndex Medicus. Use the 
style of the examples cited at the end of this secticn, which 
have been approved by the National Library of Medicine. 

The titles of journals should be abbreviated according to 
the style used in Index Medicus. A list of abbreviated names 
of frequently cited journals is given near the end of this docu- 
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ment; for others, consult the “List of Journals Indexed,” 
printed annually in the January issue of Index Medicus. 

Try to avoid using abstracts as references; "unpublished 
observations” and "personal communications" may not be 
used as references, although references to written, not 
verbal, communications may be inserted (in parentheses) in 
the tex-. Include among the references manuscripts accepted 
but not yet published; designate the journal followed by "in 
press” (in parentheses). Information from manuscripts sub- 
mitted but not yet accepted should be cited in the text as 
"unpublished observations” (in parentheses). 

The references must be verified by the author(s) against 
the original documents. 
Examples of correct forms of references are given below. 


Journal 


l. Standard Journal Article (List all authors when six or less; when 
seven or more, list only first three and add et al.) 


Soter NA, Wasserman SI, Austen KF. Cold urticaria: release 
into the circulation of histamine and eosinophil chemotactic 
factor of anaphylaxis during cold challenge. N Engl J Med 
1976; 294:687 —90. 


2. Corporate Author 


The Committee on Enzymes of the Scandinavian Society for 
Clinical Chemistry and Clinical Physiology. Recommended 
method for the determination of gammaglutamyltransferase 
in blood. Scand J Clin Lab Invest 1976: 36:119—25. 


Anonymous. Epidemiology for primary health care. Int J 
Epidemiol 1976; 5:224— 5. 


Books and Other Monographs 
3. Personal Author(s) 


Osler AG. Complement: mechanisms and functions. Engle- 
wood Cliffs: Prentice-Hall, 1976. 


4. Corporate Author 


American Medical Association Department of Drugs. AMA 
drug evaluations. 3rd ed. Littleton: Publishing Sciences 
Group, 1977. 


5. Editor, Compiler, Chairman as Author 


Rhodes AJ, Van Rooyen CE, comps. Textbook of virology: 
for students and practitioners of medicine and the other health 
sciences. 5th ed. Baltimore: Williams & Wilkins. 1968. 


6. Chapter in Book 


Weinstein L, Swartz MN. Pathogenic properties of invading 
microorganisms. In: Sodeman WA Jr, Sodeman WA, eds. 
Pathologic physiology: mechanisms of disease. Philadelphia: 
WB Saunders, 1974:457—72. 


7. Agency Publication 


National Center for Health Statistics. Acute conditions: 
incidence and associated disability, United States July 1968— 
June 1969. Rockville, Md.: National Center for Health 
Statistics, 1972. (Vital and health statistics. Series 10: Data 
from the National Health Survey, no. 69) (DHEW publication 
no. (HSM)72-1036). 


Other Articles 
8. Newspaper Article 


Shaffer RA. Advances in chemistry are starting to unlock 
mysteries of the brain: discoveries could help cure alcoholism 
and insomnia, explain mental illness. How the messengers 
work. Wall Street Journal 1977 Aug 12:l(col. 1), 10(col. 1). 


9. Magazine Article 


Roueché B. Annals of medicine: the Santa Claus culture. The 
New Yorker 1971 Sep 4:66-81. 
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TABLES 

Type each table on a separate sheet; remember to double 
space. Do not submit tables as photographs. Number tables 
consecutively and supply a brief title for each. Give each 
column a short or abbreviated heading. Place explanatory 
matter in footnotes, not in the heading. Explain in footnotes 
all nonstandard abbreviations that are used in each table. For 
footnotes, use the following symbols in this sequence: 
* +, 1, $, ', 9, **, tf. . . . Identify statistical measures 
of variations such as SD and SEM. 

Omit internal horizontal and vertical rules. 

Cite each table in the text in consecutive order. 

If you use data from another published or unpublished 
source, obtain permission and acknowledge fully. 

Having too many tables in relation to the length of the text 
may produce difficulties in the layout of pages. Examine 
issues of the journal to which you plan to submit your manu- 
script to estimate how many tables to use per 1000 words 
of text. 

The editor on accepting a manuscript may recommend 
that additional tables containing important backup cata too 
extensive to be published may be deposited with the National 
Auxiliary Publications Service or made available by the 
author(s). In that event, an appropriate statement will be 
added to the text. Submit such tables for consideration with 
the manuscript. 


ILLUSTRATIONS 

Submit the required number of complete sets of figures. 
Figures should be professionally drawn and photographed; 
freehand or typewritten lettering is unacceptable. Instead of 
original drawings, roentgenograms, and other material, send 
sharp, glossy black-and-white photographic prints, usually 
12.7 by 17.3 em (5 by 7 in.) but no larger than 20.3 by 25.4 cm 
(8 by 10 in.). Letters, numbers, and symbols should be clear 
and even throughout, and of sufficient size that when reduced 
for publication each item will still be legible. Titles and 
detailed explanations belong in the legends for illustrations, 
not on the illustrations themselves. 

Each figure should have a label pasted on its back indicating 
the number of the figure, the names of the authors, and the 
top of the figure. Do not write on the back of the figures or 
mount them on cardboard, or scratch or mar them using paper 
clips. Do not bend figures. 

Photomicrographs must have internal scale markers. 
Symbols, arrows, or letters used in the photomicrographs 
should contrast with the background. 

If photographs of persons are used, either the subjects must 
not be identifiable or their pictures must be accompanied by 
written permission to use the photograph. 

Cite each figure in the text in consecutive order. If a figure 
has been published, acknowledge the original source and 
submit written permission from the copyright holder to repro- 
duce the material. Permission is required, regardless of 
authorship or publisher, except for documents in the public 
domain. 

For illustrations in color, supply color negatives or positive 
transparencies and, when necessary, accompanying draw- 
ings marked to indicate the region to be reproduced; in 
addition, send two positive color prints to assist editors in 
making recommendations. Some journals publish illustra- 
tions in color only if the author pays for the extra cost. 


LEGENDS FOR ILLUSTRATIONS 
Type legends for illustrations double spaced, starting on a 
separate page with arabic numerals corresponding to the 


illustrations. When symbols, arrows, numbers, or letters are 
used to identify parts of the illustrations, identify and explain 
each one clearly in the legend. Explain internal scale and 
identify method of staining in photomicrographs. 


ABBREVIATIONS 


Use only standard abbreviations (see below for lists of 
commonly used approved abbreviations). Consult the follow- 
ing sources for additional standard abbreviations: [1] CBE 
Style Manual Committee. Council of Biology Editors style 
manual: a guide for authors, editors, and publishers in the 
biological sciences. 4th ed. Arlington: Council of Biology 
Editors, 1978; and [2] O'Connor M, Woodford FP. Writing 
scientific papers in English: an ELSE-Ciba Foundation guide 
for authors. Amsterdam, Oxford, New York: Elsevier- 
Excerpta Medica, 1975. Avoid abbreviations in the title. The 
full term for which an abbreviation stands should precede its 
first usein the text unlessitisa standard unit of measurement. 

In most countries the International System of Units (SI) is 
standard or is becoming so. Report measurements in the units 
in which they were made. Journals may use these units, 
convert them to another system, or use both. 


COMMONLY UsED APPROVED ABBREVIATIONS 


Standard Units of Measurement 


Abbreviation 
Term or Symbol 
ampere A 
Angstrom A 
barn b 
candela cd 
coulomb E 
counts per minute cpm 
counts per second cps 
curie Ci 
degree Celsius G 
disintegration per minute dpm 
disintegration per second dps 
electron Volt eV 
equivalent Eq 
farad F 
gauss G 
gram g 
henry H 
hertz Hz 
hour h 
international unit IU 
joule J 
kelvin K 
kilogram kg 
liter, litre lor L 
meter, metre m 
minute min 
molar M 
mole mol 
newton N 
normal (concentration) N 
ohm Q 
osmol osmo! 
pascal . Pa 
revolutions per minute rpm 
second s 
square centimeter cm? 
volt V 
watt W 
week wk 
year yr 
Combining Prefixes 
tera- (107) T 
giga- (109) G 
mega- (105) M 
kilo- (10°) k 


hecto- 
deca- 

—. deci- 
centi- 
milli- 
micro- 
nano- 
pico- 
femto- 
atto- 


Statistical Terms 


correlation coefficient 
degrees of freedom 

mean 

not significant 

number of observations 
probability 

standard deviation 
standard error of the mean 
"Student's" t test 
variance ratio 


Others 


adenosinediphosphatase 

adenosine 5'-diphosphate (adenosine diphosphate) 
adenosine 5'-monophosphate (adenosine 

monophosphate, adenylic acid) 

adenosine triphosphatase 

adenosine 5'-triphosphate (adenosine triphosphate) 
adrenocorticotropic hormone (adrenocorticotropin) 
bacille Calmette-Guérin 

basal metabolic rate 

body temperature, pressure, and saturated 
central nervous system 

coenzyme A 

deoxyribonucleic acid (deoxyribonucleate) 
dihydroxyphenethylamine 
electrocardiogram 

electroencephalogram 

enteric cytopathogenic human orphan (virus) 
ethyl 

ethylenediaminetetraacetate 

gas-liquid chromatography 

guanosine 5'-monophosphate (guanosine 

monophosphate, guanylic acid) 

hemoglobin 

logarithm (to base 10; common logarithm) 
logarithm, natural 

methyl 

Michaelis constant 
"negative logarithm of hydrogen ion activity 
partial pressure of CO, 

partial pressure of O, 

per 

percent 

radiation (ionizing, absorbed dose) 
respiratory quotient 

specific gravity 

standard atmosphere 

standard temperature and pressure 
ultraviolet 

volume 

volume ratio (volume per volume) 

weight 

weight per volume 

weight ratio (weight per weight) 


(107) 

(10!) 

(10 !) 
(10 7?) 
(10 ?) 
(10 *) 
(10 *) 
(10 77) 
(10 5) 
(10 '*) 


ADPase 
ADP 


AMP 
ATPase 
ATP 
ACTH 
BCG 
BMR 
BTPS 
CNS 
CoA 
DNA 
dopamine 
ECG 
EEG 
ECHO 
Et 
EDTA 
GLC 


GMP 
Hb 


vol 
vol/vol 
wt 
wt/vol 
wt wt 


ABBREVIATIONS OF NAMES OF FREQUENTLY CITED 


JOURNALS 


Acta Medica Scandinavica 

American Family Physician 

American Heart Journal 

American Journal of Cardiology 
American Journal of Clinical Nutrition 
American Journal of Clinical Pathology 
American Journal of Digestive Diseases 
American Journal of Diseases of Children 
American Journal of Human Genetics 


Acta Med Scand 
Am Fam Physician 
Am Heart J 

Am J Cardiol 

Am J Clin Nutr 
Am J Clin Pathol 
Am J Dig Dis 

Am J Dis Child 
Am J Hum Gene: 


h 
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American Jourra of the Medical Sciences 
American Journaal of Medicine 

American Journal of Obstetrics and Gynecology 
American Jourmai of Ophthalmology 

American Jourmal of Pathology 

American Journal of Physical Medicine 
American Journal of Physiology 

American Journal of Psychiatry 

American Jourazl of Public Health 

American Jourazl of Roentgenology 

American Jourazl of Surgery 
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GORE-TEX” 
vascular grafts, 
in brief. 


GORE-TEX vascular grafts are 
made of expanded, low density 
polytetrafluoroethylene (PTFE), rein- 
forced by a strong, fine lattice of 
the same material wound about the 
exterior. 

GORE-TEX vascular grafts 
are easy to handle and kink-resistant. 
They exhibit high suture-holding 
power. And they are, of course, fully 
biocompatible. Unlike knitted or 
woven prostheses, they do not require 
pre-clotting. 

GORE-TEX vascular grafts are 
available in a wide range of diameters, 
up to 22mm. 





Instructions 
for use. 


Opening the Package: 

Place one hand on the PVC blister tray 

and peel back the cover with the other hand. 
Remove the GORE-TEX graft from the tray 
using clean gloves or forceps. 


To Sterilize: 

Grafts may be sterilized using steam or gas 
techniques. Remove the graft from the PVC 
blister tray and repackage it for sterilization. 
Take care not to place the graft under heavy 
or sharp objects during sterilization which 
might crush the graft. Insure that you do not 
attempt to sterilize the label attached to the 
PVC blister tray with the graft, as the ma- 
terials on the label (inks and adhesives) may 
contaminate any objects in contact with the 
label during the sterilization cycle. 

Using a gravity displacement steam steri- 
lizer, autoclave at or above these minimum 
requirements: 270°F (132°C) for 15 minutes 
at 30 psi. Grafts must never be exposed to 
temperatures greater than 482°F (250°C). 


Using a pre-vacuum steam sterilizer, auto- 
clave at or above these minimum require- 
ments: 270?F (1329C) for 4 minutes at 30 psi. 
Grafts should never be exposed to tempera- 
tures greater than 482°F (250°C). 

Using gas, sterilize according to equipment 
instructions. 

Do not sterilize this graft by radiation tech- 
niques. 

The GORE-TEX graft may be sterilized many 
times without compromising its mechanical 
or structural integrity. If the graft is handled 
gently, with gloved hands or clean instru- 
ments and without undue manipulation, 
unused portions of the graft may be sterilized 
as often as necessary. Do not attempt to 
re-sterilize any unused graft portion that has 
been contaminated with blood or any foreign 
material. 


Instructions: 

1. Use a 5-0 or 6-0 non-absorbable suture 
with a cardiovascular needle for best results 
omgraft diameters of 6mm or less. Larger 
sutures may be used with larger diameter 
grafts. Use only non-absorbable sutures. 


2. Intra-operative inspection of anastomoses 
using irrigant solutions may result in serum 
leakage when blood flow is established in 

the graft. To prevent this, care must be taken 
not to generate syringe pressures sufficient 

to force irrigant through the graft walls. Todo 
so will alter the hydrophobic (non-wetting) 
properties of GORE-TEX grafts. 

3. Trim grafts to desired length using sharp 
surgical instruments. Grafts should be han- 
dlec with clean forceps or gloves. GORE-TEX 
grafts are not "elastic'' Therefore, proper 
matcaing of lengths is essential. If the graft 
is cut too short, excessive stress may be 
placed on the sutures, vessel, or graft at the 
anastomosis. 


4. Bleeding from suture holes may be mini- 
mized by using as small a suture needle as 
poss:ble; and by following the curve of the 
neecle through the graft wall. Topical 
thrombin solution may be applied to the 
suture line in conjunction with Surgicel* or 
Oxicel* soaked in thrombin to aid in mini- 
mizing anastomotic bleeding. 

5. Ensure, when using this graft in blood 
access applications or where repeated 
needle punctures of the graft are nec- 
essary, that needle puncture sites 

are spaced apart along the accessible 
subcutaneous length of the graft. 
Repeated needle puncture of the 
graft a: the same site, or within 
the same immediate area, 
may czuse mechanical 
damage to the graft 


which could lead to hematoma, false 
aneurysm or true aneurysm. Patients should 
be carefully monitored to assure that this 
instruction is followed. 

Precautions: 

1. Do not pre-clot the graft. 

2. Do not cut the graft while holding under 


excessive tension. Doing so may cause separa- / 


tion of the outer layer. The GORE-TEX graft 


is a composite structure consisting of an inner | 


base tube and a thin outer layer which 
reinforces the base tube to prevent aneurys- 
mal dilation. Do not use any portion of a 
GORE-TEX graft which has damage to, or 
separation of, the outer layer of the graft. 


*Surgicel is a registered trademark of Surgikos 
Johnson/johnson 

*Oxycel is a registered trademark of Parke-Davis, Inc. 

*Betadine sa registered trademark of 
Purdue Frecerick Co., Norwalk 


Should the outer reinforcing layer become 
frayed at the end of the graft, do not pull 

on or peel the outer layer from the base tube. 
Carefully trim off the portion of the graft 
where the outer layer is frayed. e 


3. Do not allow the graft to become wetted. 
The normally hydrophobic GORE-TEX Vas- 
cular Graft can be wet with organic solvents 
such as alcohol or Betadine®; by excessive 
manipulation of the graft with blood prior to 
bringing it through the tunnel; or by for- 
cing irrigating solutions through the wall. 
Wetting prior to establishing blood flow 

may create a condition which could allow 
persistent plasma leakage. 


4. Do not puncture the graft repeatedly at 
the same site, or within the same immediate 
area. (See Instruction #4.) 


Please Note: 
Our animal data does not support the use 
of this graft in aorta-coronary bypass applica- 
tions. We have insufficient clinical dataon ja 
which to base any conclusions regarding i 
this application. We 
also have insuffi- 
cient data on which 
to recommend 
its use as patch 
material. 








































Presented here is the most current 
bibliography of papers concerning the 
use, and effectiveness, of GORE-TEX 
vascular grafts. 

We are pleased with the number 
of surgeons who have chosen to work 
with, and report on, GORE-TEX 
grafts. The papers listed here represent 
the independent findings of respected 
surgeons, none of whom are connected 
with Gore. 

We are particularly pleased that 
the most recent papers are at least as 
positive in their findings as the early 
ones. And that reported patency rates 
continue to hold firm, even as the 
rate of use increases. 

We still believe that prudence 
and experience indicate the saphenous 
vein as the graft of choice, whenever 
it is available, in good condition, and 
when its removal would not increase 
surgical risk. But the more data we 
accumulate, the more certain we 
become that the GORE-TEX graft is the 
next-best alternative to autografts. 

We wish we had a more substan- 
tial body of long-term clinical data 
(five years follow-up and beyond) to 
offer you as proof. But that is simply 
a matter of time and circumstance. 
Our longest-term patients are just now 
reaching the five-year mark; others 
will soon follow. As our clinical data 
is updated, we'll continue to publish 
the results, so that you can stay in- 
formed of long-term patency. 


Free repri 
ce cei 


You can have your choice of any 
of the papers listed below, just by using 
the coupon in this advertisement. 

In addition, so that you can test 
the handling and suture-holding 
characteristics of GORE-TEX grafts 
in the most meaningful fashion, we'll 
also be glad to send you a test kit. This 
kit, not intended for actual surgery, 
includes a short length of GORE-TEX 
graft and a 6-0 double-armed suture. 
Just check the appropriate box. 


1. Use in Lower Limbs 

a. The Expanded Polytetrafluoroethylene Graft 
M. Haimov, M.D., Archives of Surgery 114: 
673-677, 1979; copyrighted by American Medical 
Association, Chicago, Illinois. 

b. Expanded Microporous Polytetrafluaroethylene 
as a Vascular Substitute: A Two Year Fellow-Up 
C. D. Campbell. M.D., Surgery 85: 177-183, 1979; 
copyrighted by The C. V. Mosby Company, 

St. Louis, Missouri. 

c. Comparison of Expanded Polytetrafluoro- 
ethylene and Autologous Saphenous Vein Grafts 
in High Risk Arterial Reconstructions zor Limb 
Salvage Frank J. Veith, M. D., Surgery, Gynecology 
& Obstetrics 147: 749-752, 1978: copyrighted by 
The Franklin H. Martin Memorial Foundation, 
Chicago, Illinois. 

d. Expanded Polytetrafluoroethylene Grafts in 
Reconstructive Arterial Surgery —Preliminary 
Report of the First 110 Consecutive Cases for Limb 
Salvage Frank J. Veith, M. D., The Journal of the 
American Medical Association 240; 1876-1879, 
1978; copyrighted by The American Medical 
Association, Chicago, Illinois. 

e. Nonvein Bypass in Below-knee Reoperation 

for Lower Limb Ischemia John J. Bergen, M. D., 
Surgery 84: 417-424, 1978; copyrighted by The 

C. V. Mosby Company, St. Louis, Missouri. 

f. Initial Experience with the Polytetrafluoro- 
ethylene Graft for Limb Salvage: A Report on 
Twenty Patients P. D. Fry, M. D., The American 
Journal of Surgery 136: 193-197, 1978; copyrighted 
by Technical Publishing Company, New York, 
New York. 

g. The Use of Expanded Microporous Polytetra- 
fluoroethylene for Limb Salvage: A imi 
Report C. D. Campbell, M. D., Surgery 79: 485-493, 
1976; copyrigbted by The C. V. Mosby Company, 
St. Louis, Missouri. 

h. Physical Characteristics of Implanted Poly- 
tetrafluoroethylene Grafts — A Preliminary Report 
Richard F. Kempczinski, M. D., Arch:ves of Sur- 
gery, 917-919, 9979; copyrighted by The American 
Medical Association, Chicago, Illinois. 


2. Extra-anatomical Use 

a. Extra-Anatemic Bypass with Expanded Poly- 
tetrafluoroethylene C. D. Campbell, M. D., 
Surgery, Gynecology & Obstetrics 148: 525-530, 
1979; copyrighted by The Franklin H. Martin 
Foundation, Chicago, Illinois. 

b. New Approaches to Limb Salvage by Extended 
Extra-Anatomic Bypasses and Prosthetic Recon- 
structions to Foot Arteries Frank J. Veith, M. D., 
Surgery 84: 764-774, 1978; copyrighted by the 

C. V. Mosby Company, St. Louis, Missouri. 


3. Use as Arterio-Venous Fistulae 


a. Vascular Access: Long-term Results, New 
Techniques W. Peter Geis, M. D., Archives of Sur- 
gery 114: 403-409, 1979; copyrighted by American 
Medical Association, Chicago, Illincis. 

b. Expanded Polytetrafluoroethylene Graft Fistula 
for Chronic Hemodialysis Vivian A. Tellis, M. D. 
Annals of Suzgery 189: 101-105, 1979; copyrighted 
by J. B. Lippiacott Company, Philadelphia, 
Pennsylvania. 

c. Expanded Polytetrafluoroethylene as Dialysis 
Access Grafts: Serial Study of Histolegy and Fibri- 
nolytic Activity R. Shack, M. D., The American 
Surgeon 43: €17-825, 1977; copyrighted by The 

J. B. Lippincott Company, Philadelphia, 
Pennsylvania. 

d. Peripheral Blood Access for Hyperalimenta- 
tion: Use of Expanded Polytetrafluoroethylene 
Arteriovenous Conduit T. J. Buselmeier, M. D., 
The Journal »f the American Medical Association, 
1977: copyrighted by American Medical Associa- 
tion, Chicago», Illinois. 

e. A Prosthesis for Blood Access in Patients with 
Thrombosis of Peripheral Vasculature T. J. Busel- 
meier, M. D. Dialysis & Transplantation 6: 48-49, 
1977; copyrighted by Dialysis & Transplantation, 
Sherman Oaks, California. 

f. A Synthetic Vascular Conduit (Expanded PTFE) 
for Hemodialysis Access — A Preliminary Report 
B. M. Pasternak, M. D., Vascular Surgery 11: 99-102, 
1977; copyrighted by Angiology Research Founda- 
tion, Great Neck, New York. 
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g. Polytetrafluoroethylene Grafts for Arteriovenous 
Fistulae: Preliminary Report A. H. Mohaideen, 

M. D., New York State Journal of Medicine 76: 
2152-2155, 1976; copyrighted by The Medical 
Society of the State of New York, Lake Success, 
New York. 


4. Aorta-Coronary and Pulmonary Use 


a. Aorta-Pulmonary Artery Shunts with Expanded 
Polytetrafluoroethylene (PTFE) Tube S. Subra- 
manian, M. D., The Annals of Thoracic Surgery 
27: 413-417, 1979; copyrighted by The Society of 
Thoracic Surgeons. 

b. Repair of Type B Interruption of the Aortic 
Arch in a Three Day Old Infant Using Micro- 
porous Expanded Polytetrafluoroethylene Arterial 
Prosthesis James S. Donahoo, M. D., Journal of 
Cardiovascular Surgery 20: 57-60, 1979; copy- 
righted by J. B. Lippincott Company, Philadelphia, 
Pennsylvania. 

c. Use of Microporous Expanded Polytetrafluoro- 
ethylene Grafts for Aorta-pulmonary Shunts in 
Infants with Complex Heart Disease Rufus B. 
Jennings, Jr., M. D., The Journal of Thoracic and 
Cardiovascular Surgery 76: 489-494, 1978; copy- 
righted by The C. V. Mosby Company, St. Louis, 
d. Aorta-coronary Artery Revascularization with 
an Expanded Polytetrafluoroethylene Vascular 
Graft Taro Yokoyama, M. D., and Jerome Harold 
Kay, M. D., The Journal of Thoracic and Cardio- 
vascular Surgery 76: 552-555, 1978; copyrighted by 
The C. V. Mosby Company, St. Louis, Missouri. 

e. Coronary Bypass with GORE-TEX” Graft 

J. Ernesto Molina, M. D., The Journal of Thoracic 
and Cardiovascular Surgery 75: 769-771, 1978; 

copyrighted by The C. V. Mosby Company, 

St. Louis, Missouri. 

f. Arterial Prosthesis of Expanded 

K aara for Construction of Aorta- 
pulmonary Shunts Alan B. Gazzaniga, M. D., 

The Journal of Thoracic and Cardiovascular Sur- 
gery 72: 356-363, 1976; copyrighted by The C. V. 
Mosby Company, St. Louis, Missouri. 


5. Venous Use 

a. Interposition Grafting with Expanded Poly- 
tetrafluoroethylene for Portal Hypertension Allan 
D. Callow, M. D., Surgery, Gynecology, & Obstet- 
rics 48: 187-190, 1979; copyrighted by The Franklin 
H. Martin Memorial Foundation, Chicago, Illinois. 
b. Patency of Biologic and Prosthetic Inferior 

Vena Cava Grafts with Distal Limb Fistula Samuel 
Wilson, M. D., Archives of Surgery 113: 1174-1179, 
1978; copyrighted by The American Medical Asso- 
ciation, Chicago, Illinois. 

c. Segmental Venous Replacement: A Compari- 
son of Biological and Synthetic Substitutes David 
E. Smith, The Journal of Thoracic and Cardio- 
vascular Surgery 69: 589-598, 1976; copyrighted by 
The C. V. Mosby Company, St. Louis, Missouri. 

d. Replacement of Portal Vein During Pancrea- 
tectomy for Carcinoma B. Eiseman, M. D., Surgery 
77: 280-284, 1975; copyrighted by The C. V. Mosby 
Company, St. Louis, Missouri. 
e. Use of GORE-TEX Grafts for Replacement of 
the Superior and Inferior Venae Cavae Lawrence 
H. Cohn, M. D., The Journal of Thoracic and 
Cardiovascular Surgery 67: 774-779, 1976; copy- 
righted by The C. V. Mosby Company, St. Louis, 
Missouri. 
f. A New Venous Prosthesis T. Soyer, M. D., 
Surgery 72: 862-872, 1972; copyrighted by The 
C. V. Mosby Company, St. Louis, Missouri. 
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7. Experimental Work 


a. Alloplastic Replacement of the Canine Ureter 
by Expanded Polytetrafluoroethylene (Gore-Tex®) 
Grafts K. Dreikorn, European Urology 4: 379-381, 
1978; copyrighted by S. Karger A.G., Basel, 
Switzerland. 

b. Small Vessel Replacement with GORE-TEX 
(Expanded Polytetrafluoroethylene) Lawrence H. 
Cohn, M. D., Archives of Surgery 111: 267-270, 
1976; copyrighted by The American Medical 
Association, Chicago, Illinois. 

c. A Small Arterial Substitute: Expanded Micro- 
porous Polytetrafluoroethylene: Patency Versus 
Perosity C. D. Campbell, M. D., Annals of Surgery 
182: 138-143, 1975; copyrighted by The J. B. 
Lippincott Company, Philadelphia, Pennsylvania. 
d. A New Vascular Prosthesis for a Small Caliber 
Artery Hiroshi Matsumoto, M. D., Surgery 74: 
519-523, 1973; copyrighted by The C. V. Mosby 
Company, St. Louis, Missouri. 


8. Miscellaneous Studies 

a. Surgical Experience with Expanded Polytetra- 
fluoroethylene (PTFE) as a Replacement Graft for 
Traumatized Vessels Kenneth L. Mattox, M. D., 
The Journal of Trauma 19: 403-408, 1979; copy- 
righted by The Williams & Wilkins Company, 
Baltimore, Maryland. 

b. Prevention of Platelet Aggregation and Adher- 
ence to Prosthetic Vascular Grafts by Aspirin and 
Dipyridamole James A. DeWeese, M. D., Surgery 
84: 37-44, 1978; copyrighted by The C. V. Mosby 
Company, St. Louis, Missouri. 
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W. L. Gore & Associates, Inc. 
P. O. Box 1220 

Route 213 North 

Elkton, MD 21921 


C] Please send me your GORE-TEX 
vascular graft test kit. 


[.] Please send me the reprints whose 
numbers I have checked. 


Ll Please send me additional reprints 
as they are published. 


CI Please have your representative call 
for an appointment. 
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solution. 


Now, there's an alternative in the manage- 
ment of esophageal reflux associated 
with hiatal hernia. 

Heyer-Schulte's unique Angelchik'" 
Anti-Reflux Prosthesis. 

This C-shaped soft silicone collar with 
radiopaque markings is held in place by 
Dacron® reinforced silicone ties—not 
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Evolution of the Surgical Management of 


Primary Aldosteronism 


STEPHEN P. AUDA, M.D., MURRAY F. BRENNAN, M.D., JOHN R. GILL, JR., M.D. 


During the past two decades 50 patients were operated on for 
primary aldosteronism. Diagnosis was based on high aldo- 
sterone excretion or secretion during a high sodium intake 
and, more recently, low stimulated plasma renin activity. Com- 
puted tomography and adrenal venography with selective 
adrenal vein catheterization for determination of aldosterone/ 
cortisol ratios were helpful in the distinction between adenoma 
and bilateral hyperplasia. As a result of preoperative locali- 
zation, unilateral posterior or flank approach to the adrenal has 
replaced transabdominal as the approach of choice. Overall in- 
hospital mortality in this series was 10% and occurred 
exclusively with a transabdominal approach in the early part of 
the series. Adrenalectomy has been curative in 66% of patients 
with adenoma and in 38% of patients with hyperplasia which 
includes patients with adenomatous (dominant macroscopic 


= adenoma, 1 cm or greater) hyperplasia when the cure rate was 


75%. Currently, only patients who have unilateral adrenal 
hyperfunction, who respond to spironolactone with a fall in 
blood pressure, and who are a good operative risk are 
considered for operation by posterior or flank approach. These 
guidelines for the management of primary aldosteronism, used 
since 1974, have been associated with an excellent response 
(929c), zero mortality and reduced morbidity. 


HORTLY AFTER CONN?” ‘ described a new clinical 
S entity associated with hypertension, hypokalem:a, 
alkalosis and hyperaldosteronism, a 13-year-old boy 
with this disorder was operated on at the National 
Institutes of Health. At operation, bilaterally thickened 
adrenal glands without evidence of a distinct tumor 
were found. He underwent a total adrenalectomy on 
the right side and removal of 80% of his left gland. His 
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postoperative course was uneventful and on long-term 
follow-up his preoperative symptoms subsided, his 
abnormal electrolytes were corrected and his blood 
pressure was very easily controlled on a low salt diet.! 
Since then a total of 50 patients have been operated 
on in this institution with a diagnosis of primary aldo- 
steronism. 

It has been assumed that the introduction and evolu- 
tion of newer diagnostic modalities throughout these 
years has been reflected in safer operative techniques 
and better results than was observed in earlier re- 
views.!*!* Bilateral adrenal exploration was the stand- 
ard operative approach until it was recognized that 
patients with hyperplasia responded poorly to adre- 
nalectomv^*9.577*2! and a reliable method for the 
identification and localization of adenomata became 
available in 1974.!! Unilateral adrenalectomy by either 
a flank or posterior approach has now become the 
operation of choice for treatment of an aldosterone- 
producing adrenal adenoma. In all cases referred to 
our service since 1974 the preoperative diagnosis has 
been confirmed by histological examination and post- 
operative course. i 

The present report reviews the pre- , peri- , and post- 
operative management and results of 50 patients treated 
by operation over the past 22 years at the National 
Institutes of Health. 
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TABLE |. Preoperative Symptoms in 50 Patients Operated 
On for Primary Aldosteronism 
j—————— — GN 


Number 
of Patients Per Cent 
l———— ——— Me 
Headache 37 74 
Fatigue and weakness 34 68 
Dizziness 18 36 
Nocturia 14 28 
Polydipsia and polyuria 10 20 
Syncope 7 14 
Angina 6 12 
Paresthesia 6 12 





Patient Population 


In the period January 1956 to June 1978, 122 patients 
with a presumptive diagnosis of primary aldosteronism 
were evaluated at the National Institutes of Health. 
Fifty patients with this diagnosis were referred for 
operation. The male to female ratio was 26:24. The 
mean age at the time of diagnosis was 41 years (range, 
5-58 years). Two children, one boy and one girl, 
aged eight and six years, were explored in the early 
years of this series for presumed primary aldoste- 
ronism, but were found to have normal adrenal glands 
with hyperplasia of the renal juxtaglomerular apparatus 
or Bartter's syndrome.” The majority of the patients 
were white; seven were black and one was oriental. At 
the time of admission the most frequent symptoms were 
headache, fatigue and weakness (Table 1) and had been 
present from six months to 36 years (mean, eight years). 
Seven patients first had symptoms during pregnancy 
or in the puerperium. 

Preoperative blood pressure was high (204/122 
+ 49/22 [SD] mmHg), serum potassium (K*) concentra- 
tion was decreased (2.7 + 0.6 mEq/L), carbon dioxide 
(CO,) content was raised (31.6 + 4.7 mEq/L) and 
serum creatinine concentration (1.4 mg/dl) was at the 
upper limits of normal. Aldosterone secretion or ex- 
cretion (except in two patients) was determined during 
a standard sodium intake (109 mEq/day) and. in some 
patients, during a low (9 mEq/day) and a high (249 
mEq/day) sodium intake. Plasma renin activity (PRA) 
was determined after overnight bedrest (supine) and 
again after three hours of walking or standing (upright) 
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Table 2) and, when combined with determinations of 
aldosterone, was very accurate in diagnosis of aldo- 
steronism and in differentiation of the primary from 
the secondary form. The response of serum K* to a 
high sodium intake (249 mEq/day), when determined, 
was also helpful. Intravenous pyelogram, arteriogram, 
renal scan, retroperitoneal air insufflation and renal 
split-function tests were generally not helpful in the 
diagnosis of primary aldosteronism or in localization 
of an aldosterone-producing adenoma. Sixteen tumors 
were localized preoperatively, 14 (87%) in the period 
from 1974 to the present when retrograde adrenal 
venography with selective adrenal vein catheterization 
for measurement of aldosterone and cortisol concentra- 
tions and determination of aldosterone/cortisol (A/C) 
ratios were routinely performed (Table 2). In two pa- 
tients, a tumor was localized prior to the introduction 
of these tests. In one, a calcified, functioning adenoma 
was identified by a plain roentgenogram of the abdomen 
and in the second patient, an adenoma was demon- 
strated by retroperitoneal air insufflation. 

The following case history typified the usual clinical 
course of primary aldosteronism in our recent experi- 
ence. A 42-year-old Caucasian woman had a seven 
year history of fatigue, weakness, frequent headaches 
and lower extremity paresis associated with a blood 
pressure of 200/130 mmHg, a serum K* of 2.0 mEq/L, 
CO, of 34 mEq/L and left ventricular hypertrophy on 
electrocardiogram. Urinary aldosterone on a sodium 
intake of 109 mEq/day was 114 ug/day (normal 4.5 
+ 0.5 (SEM) ug/day) and supine and upright PRA were 
0.21 and 0.22 ng/ml/hr, respectively. Computed tomog- 
raphy of the adrenal (Fig. 1), retrograde adrenal venog- 
raphy (Fig. 2), and selective adrenal vein catheterization 
with sampling (Fig. 3) indicated an aldosterone- 
producing adenoma in the left adrenal gland. Aldo- 
sterone values obtained by adrenal vein catheterization 
were analyzed in terms of the cortisol values from the 
same location as A/C ratios in order to correct for 
sampling errors and to achieve an accurate comparison 
of the function of the two adrenal glands. When the 
ratios for the two adrenals are compared, the ratio for 
a hyperfunctioning gland is usually 6 or higher (mean: 
33) and the ratio for the contralateral gland is 3:6 or 


TABLE 2. Diagnostic Tests in Patients Operated On for Primary Aldosteronism 


OO MÀ 


Aldosterone Plasma Retrograde Adrenal Computed 
Excretion Renin Adrenal Vein Tomography 
. or Secretion Activity Venography Sampling* of Adrenalst 
Number of patients tested 47 30 18 15 8 
Positive diagnosis 45 26 10 13 3 
Per cent accuracy 95 86 55 81 38 


* To determine aldosterone and cortisol concentrations and for 
calculations of aldosterone/cortisol ratios. 


* As reported before operation. 
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Fic. 1. Computed tomo- 
gram demonstrating an en- 
larged left adrenal gland, 
with loss of normal contour 
(arrow). 


less (mean: 1:3) in patients with an adenoma (Fig. 3)."! 
This patient subsequently underwent a left adrenalec- 
tomy through a flank incision. On histologic examina- 
tion of the adrenal, a 1.5 cm adenoma was found. The 
postoperative course was uneventful and was marked 
by the disappearance of her symptoms with a return 
of blood pressure and serum electrolytes to normal 
values. She was discharged on the twelfth post- 
operative day. 


Results 
Operative Approaches and Procedures ( Table 3) 


To understand the rationale for the different surgical 
approaches used throughout these years, the patients 
were divided into two groups. The first group (76%) is 
comprised of all patients operated on in the earlier 
period when localizing diagnostic techniques were not 
available and methods of predicting the response to 
operation had not been developed. The second group 
(24%) is comprised of patients operated on after 
1974, when it was possible to evaluate the function of 
each adrenal and to predict the response to operation 
by treatment with the aldosterone antagonist, spirono- 
lactone. All patients in the first group had bilateral 
adrenal exploration whereas all those in the second 
group had unilateral adrenalectomy. 

The anterior abdominal approach through a high 
subcostal or midline incision, performed only in the 
first group of patients, was by far the most common 
operation (64%, 32 patients). This approach had the 
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advantage of allowing the surgeon to evaluate both 
glands simultaneously by inspection, palpation and 
biopsy. Both kidneys could also be inspected and 
biopsied. It also permitted concomitant abdominal 
exploration and treatment of any unrelated abdominal 
pathology if the surgeon deemed it feasible. Six patients 
in this series had concomitant appendectomies, one 
patient had resection of a Meckel's diverticulum, one 
a cholecystectomy, one resection of an infrarenal aortic 


| 


f 

1 
Ts ! 
t à; 


T 
. 
E 





Die: 

wot * 

Ee US" tyr 
> 11€ 

Ln m, S Ay 





FiG. 2. Retrograde venography demonstrates peripheral displace- 
ment of adrenal veins and suggests the presence of an adrenal mass. 
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CR 1202 352 
Q 42 


A = Plasma Aldosterone 
C = Plasma free cortisol 


Ratio A:C 
© Adremal 32 
(R) Adrenal 0.3 
IVC 1 





FiG. 3. Results of adrenal venous sampling for determination of 
aldosterone (A) and cortisol (C) and calculation of aldosterone- 
cortisol (A:C) ratio. The ratio for the left (L) adrenal is clearly higher 
than the ratio for the right (R) adrenal: note that the ratios for the 
right adrenal and inferior vena cava (IVC) are similar. 


aneurysm and one an exploration for endometriosis. 
Bilateral posterior approach was also perfermed in 
this first group and constituted 10% (five patients) of 
all procedures. As with the transabdominal approach, 
both glands could be simultaneously evaluated and 
renal biopsy performed, but abdominal exp oration 
could not be done. Recovery from this operation was 
rapid and the patients were more comfortable in the 
postoperative period. One patient was explored through 
a left thoracoabdominal incision for removal cf a large 
solitary adenoma visible on x-ray as a calcified supra- 
renal mass. 

In the second group of patients, seven were ap- 
proached through a posterior and five through a flank 
incision. In all these patients an adenoma was localized 
preoperatively, found at operation, and confirmed by 
histology. In this group, two patients were found to 
have multiple adenomas in the same gland. 

In the series as a whole, unilateral adrenalectomy 
was the procedure most frequently performed (6242, 
3i patients) and was associated with biopsy of the 
contralateral gland, in 22% (11 patients). Subtotal 
adrenalectomy i.e., removal of one entire gland and 
8076 of the contralateral gland, was performed in the 
remaining cases. Fifty-six per cent had bilateral renal 
biopsies at the time of operation. This large number 
of biopsies reflects attempts in the early cases to define 
coexisting kidney disease and, in particular, to evaluate 
the status of the juxtaglomerular apparatus. '4 

Fifteen of sixteen presumptively diagnosed ade- 
nomas were actually found at operation. Three patients 
were found to have multiple adenomas in the same 
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gland. The one false positive was a gland which was 
thought to be enlarged on retrograde venography but 
appeared normal on histological examination. The 
contralateral gland was biopsied and also appeared 
normal. The patient had a fall in blood pressure and 
normal serum electrolytes following surgery, but lower 
extremity edema of nine years duration, which was 
her chief complaint, persisted. In subsequent histologic 
review of the adrenal tissue, focal areas of thicken- 
ing of the zona glomerulosa were noted, but still no 
definite diagnosis of adenoma or hyperplasia was made. 


Mortality and Morbidity 


In hospital (30 days) mortality in this series was 
10%. One death occurred intraoperatively, and this 
was due to an iatrogenic tear in the retrohepatic vena 
cava. Two patients died within the first 24 hours of 
surgery, one from hemorrhage from the area of the tail 
of the pancreas and the other of a myocardial infarction. 
One patient died of congestive heart failure and shock 
on the third postoperative day. He had been operated 
on as an emergency because of uncontrollable hyper- 
tension and heart failure with a presumptive diagnosis 
of primary aldosteronism. This was not confirmed at 
operation and at autopsy he was found to have end- 
stage kidney disease, and arteriosclerotic cardio- 
vascular disease with congestive failure. A fifth pa- 
tient died on the tenth postoperative day due to sudden 
bleeding from the biopsy site in his right kidney.? One 
patient, not included among the hospital deaths, died 
of viral hepatitis two months after discharge. She had 
had an uneventful unilateral adrenalectomy for an 
adenoma and concomitant cholecystectomy. During 
the operation she had received one unit of blood. All 
deaths occurred in patients operated on through an 
anterior approach. There have been no perioperative 
deaths since 1970 (Table 4). 

Overall morbidity was 50%, of which 14% were 
major complications. Intraoperative morbidity was 8%, 
and all complications occurred within the first 13 post- 


TABLE 3. Operative Approach and Procedure in Patients Operated 
On for Primary Aldosteronism 


——————————————————ÀÀÀ85€ 


Biopsy of 
Unilateral Subtotal Contra- 
Adrenal- Adrenal- lateral Renal 
Approach ectomy ectomy Gland Biopsy 


eee 


Abdominal 14 18 9 22 
Thoracoabdominal | 0 0 | 
Flank 5 0 0 0 
Posterior unilateral 7 0 0 0 
Posterior bilateral 4 | 2 5 
Total (%) 31 (62) 19 (38) 11 (22) 28 (56) 


————————— 
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operative days. The intraoperative complications all 
occurred with the anterior transabdominal approach 
and were the result of splenic laceration. Bleeding 
from the spleen was controlled at operation except n 
one patient who required reoperation on the same dzy 
because of persistent bleeding from the splenic pedicle. 
In one patient, massive intra-abdominal and retro- 
peritoneal hemorrhage occurred on the seventh post- 
operative day. This patient had undergone posterior 
unilateral adrenalectomy and, at re-exploration, was 
found to have a ruptured splenic artery. Her post- 
operative course following this second operation was 
complicated. This constituted the only major com- 
plication in our second group of patients operated sinze 
1974. One patient who developed a hemoperitoneum 
from a laceration of the spleen that was not detected 
during operation was re-explored 24 hours after ad- 
renalectomy. A myocardial infarction occurred on tae 
eleventh postoperative day during an intravenous 
pyelogram in a 41-year-old woman. The patient hac a 
cardiorespiratory arrest, was successfully resuscitated, 
and subsequently left the hospital in good health. Two 
patients were re-explored: one patient, in whom a right 
cortical adenoma was found at the initial operation, was 
subsequently reexplored one year later, because of 
persistent symptoms and hypertension, and found to 
have multiple adenomatous nodules in the left gland. 
She did not improve after the second operation. The 
other patient underwent subtotal adrenalectomy; three 
months later, she was re-explored to remove the re- 
sidual adrenal tissue. She improved markedly after the 
second operation. Postoperative complications occur- 
red with both of these reexplorations (not incluced 
in Table 5) performed through a transabdominal ap- 
proach. The first patient had a splenic rupture end 
the second had a subphrenic abscess which was dif- 
ficult to clear. All other complications in this series 
were minor and did not require more than routine post- 
operative care. 

Eight patients have required long-term adrenal 
steroid replacement following subtotal adrenalectomy. 

Postoperative hospital stay did not differ in any of 


TABLE 4. Intraoperative and Postoperative Mortality and Morbidity 
in Patients Operated On for Primary Aldosteronism 








Thoraco Posterior Pos*erior 

Abdominal Abdominal Flank Unilateral Bilateral 

(N = 32) (N = 1) (N = 5) (N = 7) (N= 5) 
Mortality s" 0 0 0 0 
Intraoperative | 0 0 0 0 
Postoperative 4 0 0 0 0 
Morbidity 17 0 3 4 | 
Intraoperative 4 0 0 0 0 
Postoperative 13 0 3 4 l 


a 


* All prior to 1970. 
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TABLE 5. Intraoperative and Postoperative Complications Associated 
with the Cperative Approach Used for Primary Aldosteronism 





Posterior 
Bilateral 
(N = 5) 


Thoraco- 
Abdominal 
(N = }) 


Flank 
(N = 5) 


Posterior 


(N = 7) 


Abdominal 


Complicaticn (N = 32) 





Rupture 

spleen 

splenic artery 
Pancreatitis 
Myocardial infact 
Obst. small bowe! 
Atelectasis 
Pneumonia 
Hypovolemia 
Wound hematoma 
Wound infection 
Urinary tract infection 
Phlebitis 


IN| 
| 9| 


ac bd eee ee eee o 
| 


a 
o 
i) 
A 


Total 





the surgical approaches used and averaged 20 (6—90) 
days. This value does not realistically reflect the con- 
valescence time as many of these patients were ex- 
tensively investigated postoperatively to evaluate the 
results of the procedure. 


Histologic Findings and Response to Adrenalectomy 


Abnormal histological changes were present in one 
or both adrenal glands in 9046 (45 patients) (Table 6). 
A single adenoma (27 patients) or multiple adenomata 
(five patients) were found in 64%, and in 60% the 
adenomata were located in the left adrenal gland. The 
size of the adenomata ranged from a few millimeters 
to 6 cm in diameter. Two or more adenomata of the 
same glaad were found in five patients and, in one pa- 
tient, multiple bilateral adenomata were present. 
Twenty-six per cent (13 patients) had hyperplasia and 
two patients with this entity had normal contralateral 
glands. Hyperplasia with a concomitant dominant 
adenoma (1 cm or greater) was present in 8% (four 
patients). No adrenal pathology was found in 10% 
(five patients): One patient died postoperatively and 
has been described above. A 13-year-old boy had 
atrophy of both glands following suppressive treat- 
ment with delta 1, 9-alpha-fluorohydrocortisone; he 
improved markedly after subtotal adrenalectomy al- 
though reither an adenoma nor hyperplasia was found 
on histologic examination. A 41-year-old woman had 
a left subtotal adrenalectomy and the adrenal tissue 
removed appeared normal. Because of persistent 
symptoms, high urinary aldosterone, a low PRA and 
a definite step up in aldosterone concentration in blood 
from the left adrenal residual, she was reoperated 14 
months later. Only fibrous scar tissue with no hyper- 
functioning adrenal tissue was found on histological 
examinztion. She improved symptomatically and blood 
pressure and serum electrolytes returned to normal. 
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TABLE 6. Adrenal Histology and Response to Adrenalectomy in Patients with Primary Aldosteronism 


————————————————————————————————————————— 


Multiple Adenomatous e 
Adenoma Adenomata Hyperplasia Hyperplasia Other 
Response (N = 27) (N = 5) (N = 4) (N = 9) (N = 5) Per Cent 
EEE, 
Complete 17 3 3 2 l 54 
Partial 9 0 0 3 l 26 
Unchanged 0 l | l 2 10 
Died p | 0 3 | 12 


nn —— — M —á 


* A complete response in a patient who died 2 months post- 
operatively of hepatitis. 


Two children had juxtaglomerular hyperplasia ( Bartter's 
syndrome) and their adrenal glands appeared normal. 

Of 28 renal biopsies performed durirg the pro- 
cedures, 86% showed abnormalities with arteriolo- 
nephrosclerosis as the most common finding, and these 
were equally distributed among patients with complete, 
partial and unchanged responses. 

Response to operative treatment was graded com- 
plete if symptoms subsided and blood pressure re- 
turned to normal values without the use of antihyper- 
tensive medications. If symptoms subsided, but blood 
pressure required treatment with antihypertensive 
medications, the response was graded as partial. The 
response was graded as unchanged if no subjective 
or objective improvement occurred. 

In the five patients listed as having no adrenal 
pathology, there was one complete and one partial 
response. The patient with a complete response was 
a 13-year-old boy treated with an adrenal steroid be- 
fore surgery and the adrenal tissue removed by sub- 
total adrenalectomy appeared atrophic. The patient 
with a partial response, a 41-year-old woman, had 
clinical evidence of aldosteronism with hizh urinary 
aldosterone, and the adrenal tissue removed by sub- 
total adrenalectomy appeared histologically normal. 
As noted above, however, she was re-explored because 
of persistent aldosteronism and, although none of the 
tissue removed was identified as abnormal, blood pres- 
sure and serum electrolytes returned to normal. The 
two patients with juxtaglomerular hyperplasia ‘ Bartter's 
syndrome) had no improvement following subtotal 
adrenalectomy. 

Patients with a single adenoma faired best with a 
complete response in 6646 (18 patients). The response 
was complete in 37% of the group of patients with 
hyperplasia, two of nine patients with hyperplasia and 
three of the four patients with adenomatous hvperplasia. 
Three partial responses were also observed in patients 
with hyperplasia. In all patients with complete or partial 
responses, serum electrolytes returned to normal. Of 
the 12 patients in the second group of this series who 
underwent unilateral adrenalectomy, all had complete 
remission of symptoms and signs except a 6!-year-old 


+ This patient had bilateral adrenal adenomata. 


man who continues to have hypertension and has 
required medication for the six months since operation. 

The mean follow-up period in this series was 5.8 
years with a range extending from a few months to 
20 years. 


Discussion 


The present report documents a 22-year experience 
of operative treatment for aldosteronism in 50 patients. 
Since the disease was initially identified, major changes 
have taken place in the surgical management. These 
changes include: 1) the recognition that primary aldo- 
steronism produced by bilateral adrenal hyperfunction, 
without histological change or with hyperplasia re- 
sponds poorly to adrenalectomy.?9:9-!*21 2) The 
ability to distinguish patients with aldosterone-pro- 
ducing adenomas from those with bilateral hyper- 
plasia.!!:7*?! 3) The prediction of the operative response 
of patients thought to have an aldosterone-producing 
adenoma by treatment with spironolactone.!92? 4) The 
selection of operation as treatment for those patients - 
who do not have severe complicating disorders.!?:$ 
5) Preparation for operation by treatment with spirono- 
lactone until hypokalemia has been corrected, blood 
pressure has decreased and the renin-angiotensin- 
aldosterone systems have been reactivated.* Thus, 
the majority of these advances have evolved from the 
ability to localize accurately the site or sites of pro- 
duction of the aldosterone excess and to identify care- 
fully and selectively those patients who should respond 
well to operative treatment. Thus, subsequent to 1974, 
and the advent of accurate preoperative diagnosis and 
localization of aldosterone-producing adenomata, op- 
eration has confirmed the diagnosis. The operation has 
been limited with minimal morbidity, zero mortality 
and a complete response in 92%. Whereas, the im- 
provement in results since 1974 may, in part, be at- 
tributable to advances in perioperative management, 
it would appear that accurate diagnosis, improved 
selection and preparation of patients for operation, 
and a more limited operative procedure are the major 
reasons for this improvement. 
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In this review, those patients with hyperplasia of 
the zona glomerulosa were divided into two groups: 
those with (four patients) and those without (nine 
patients) a dominant macroscopic (one cm or greater) 
adenoma (Table 6). A complete response in 75% of 
the patients with adenomatous hyperplasia as com- 
pared to a complete response in 2246 of the patients 
with hyperplasia alone suggests that these two entities 
may respond differently to adrenalectomy (Table 6). 
As the number of patients in the two groups are small 
and as the mortality in the group of patients with 
hyperplasia alone was high, additional data should be 
accumulated before concluding that these two histo- 
logical entities do, indeed, respond differently to 
adrenalectomy and may represent different clinical 
disorders. If patients with adenomatous hyperplasia 
present as hyperfunction of one adrenal, as reported 
by others*' and observed in one patient in this series, 
then they will continue to be considered for operative 
treatment. Whether these patients with adenomatous 
hyperplasia will respond to unilateral adrenalectomy 
as well as they have to subtotal adrenalectomy, and 
thus have a response similar to that for patients with 
an adenoma, remains to be determined. 

The most useful tool for the diagnosis and loca i- 
zation of adrenal hyperfunction in the patient with 
suppressed PRA appears to be selective venous 
catheterization for the determination of aldosteroae 
and cortisol concentrations and calculation of A'C 
ratios.''*' A recent review of the results of adrenal 
venous sampling indicates that an occasional patient 
with adrenal hyperplasia can have values for adrenal 
venous steroids which suggest an adrenal adenomz.?! 
Whereas some of these patients are improved by ad- 
renalectomy, others are not.!^!9?! Thus, the results 
of adrenal vein sampling should be combined with the 
results of the response to treatment with spironolactone 
and with the results of other diagnostic procedures in 
the selection of patients for adrenalectomy. Com- 
puterized tomography has proved to be a valuable ad- 
junct in the identification of adrenal tumors although 
it may give false negative results in those patients who 
lack retroperitoneal fat or have small tumors (0.5 cm 
or less).'? When adrenalectomy has been decided upon, 
a posterior or flank incision is the approach of cho ce. 

The change in the management of the present group 
of 50 patients reflects the evolving philosophy of 
treatment of primary aldosteronism. The results of our 
experience from 1974 to the present indicate that the 
manifestations of aldosteronism have been eliminated 
in virtually all operated patients. Those patients with 
bilateral adrenal hyperplasia or those with an aderoma 
who are a poor operative risk or who would appear 
to respond poorly because of hypertensive -enal 
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damage can te managed with spironolactone alone or 
with other appropriate medication. '? 
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Mammography as an adjunct to physical examination has 
led to the detection of a significant number of c'inically occult, 
nonpalpable cancers. In a climate of increasing criticism of 
radical surgery for any breast malignancy, it is tempting to 
consider these ‘‘earliest’’? breast cancers as prime candidates 
for conservative therapy. Sixty-two such nonpalpable tumors 
have been encountered in a series of 232 breast biopsies per- 
formed for radiographically suspicious findirgs. These in- 
cluded 30 invasive ductal cancers, seven minimally invasive 
ductal cancers, 20 noninvasive ductal cancers, and five 
lobular carcinomas-in situ. When the mastectomy specimens 
were examined for evidence of multifocal cancer, 39.6% of 
the breasts examined demonstrated the presence of foci of 
invasive or noninvasive ductal or lobular carcinoma in another 
quadrant of the breast. Additionally, 27.6% of the invasive 
cancers were accompanied by axillary node metastases in those 
patients undergoing axillary dissection. Any therapeutic pro- 
cedure for invasive or noninvasive ductal cancer which does 
not include total mastectomy may leave behind feci of cancer 
in the breast, and any procedure for invasive ductal cancer 
which does not include axillary dissection, regardless of the 
small size of the cancer, may leave behind microscopic deposits 
of metastatic cancer in axillary nodes. 


S THE USE OF MAMMOGRAPHY has become ubiqui- 
tous throughout the medical community, radio- 
graphic findings in the absence of a palpable mass have 
become recognized as valid indications for breast 
biopsy. Whether as a screening procedure for asymp- 
tomatic women, or as an adjunct to physical examina- 
tion in the evaluation of specific complaints. mammog- 
raphy has been responsible for the detection of many 
nonpalpable, clinically occult cancers. 
Almost simultaneously, the advocates of less radical 
forms of therapy for breast cancer have gained more 
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followers, among both women and primary care 
physicians, as well as a few surgeons. If conservative 
treatment is justifiable, it would seem reasonable that 
these cancers would be those for which such treatment 
would be most appropriate. It is impossible to deny 
the attractiveness of any form of treatment which 
spares the breast, especially if the ultimate result is 
equivalent to that of radical surgery. It has always been 
a cruel paradox that mastectomy has been a woman’s 
reward for her diligence in early detection of her breast 
cancer. 

Many studies have reported foci of cancer in the 


breast remote from the primary lesion.??55:19.3 Studies- 


of "simulated partial mastectomy” or of whole mount 
mastectomy specimens have also commented upon this 
significant finding of multifocal breast cancer.? In most 
of these reports the primary tumors were palpable, 
and there are few studies which consider the likelihood 
of clinically occult cancers being multicentric. If there 
were a significant incidence of multicentricity, even 
among these "earliest" breast cancers, perhaps those 
who advocate only partial mastectomy or other con- 
servative therapy should reconsider their recom- 
mendations. Therefore, this study was undertaken to 
define the incidence of multicentricity in patients whose 
cancers were identified as clinically occult, detected 
by mammography only, without the presence of a pal- 
pable mass or suspicious thickening in the breast. 


Materials and Methods 


The patients for this study were culled from the 


"T 


population of female patients referred for mammog- * 


raphy at the Thomas Jefferson University Hospital. 
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A majority of them were patients enrolled in a breast 
screening program, but some had been referred by 
their physician because of breast complaints, or 
as part of their routine health care. The strict criterion 
for inclusion, however, was the absence of any 
physical findings in the breast or axilla which might 
suggest either benign or malignant disease. For ex- 
ample, a patient found to have an unsuspected breast 
mass on mammography, which proved to be a cancer, 
was excluded from this group because an ipsilateral 
enlarged axillary node had prompted mammography. 

Specific radiographic findings mandated the recom- 
mendation for breast biopsy. These included any of 
the following: 


1) Calcifications suggesting malignancy, because of 
of their shape (punctate, microlinear, or branching), 
their size (less than 2 mm), their distribution 
(clustered, grouped along ducts), or their con- 
centration (more than five calcifications per cm’); 

2) Breast masses with ill-defined edges or nodular 
contours; 

3) Stellate shaped breast masses; 

4) Dominant, well circumscribed masses significantly 
larger than any other mass in either breast; and 

5) Areas of abnormal architecture or increased 
tissue density. 


Biopsy was performed by a technique of needle- 
guided localization to identify the suspicious area pre- 
cisely before excision, and specimen radiography to 
insure that the entire area had been removed. We have 
described this localization technique previously, using 
only a 22 gauge needle, inserted into the breast under 
local anesthesia, aiming for the expected site of the 
lesion." Neither radiopaque nor vital dyes, nor special 
needles, have been necessary to localize and excise 
the radiographically suspicious areas precisely. 

Following needle localization, based upon individual 
circumstances and the surgeons’ preferences, biopsy 
was usually performed under general anesthesia. 
Frozen section examination was used as a determinant 
for immediate further surgery, or a treatment recom- 
mendation was deferred until the paraffin sectioas had 
been reviewed. (No attempt was made by the authors 
to influence treatment.) In general, invasive and mini- 
mally invasive ductal cancers were treated by total 
mastectomy with axillary dissection, either radical 
mastectomy or modified radical mastectomy. Mini- 
mally invasive ductal carcinoma was defined as a pre- 
dominantly intraductal cancer, showing either focal 
microinvasion below the basement membrane in one or 
several individual ducts, or up to 10% of the surface 
of the histological sections showing more advanced 
stromal invasion. Noninvasive ductal carcinoma was 
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usually treated by total mastectomy, several patients 
also undergoing partial axillary dissection, to include 
the Level I nodes. A few patients in this group re- 
fused further treatment altogether. Patients with lobu- 
lar carcinoma-in situ, with one exception who under- 
went total mastectomy, did not have further treatment 
but were remanded to frequent follow-up examination. 

For those patients who underwent mastectomy, 
the tissues were processed in a detailed manner as 
outlined by the Pathology Working Group of the 
National Breast Cancer Task Force.’ This usually 
provided a minimum of four sections from each 
quadrant of the breast, as well as four sections from 
the retroareolar area. Axillary nodes were divided into 
three anatomic groups, using levels defined by the 
pectoralis minor muscle, or by markers placed by the 
surgeon curing the axillary dissection. 

Multicentricity was defined as the presence of 
invasive or noninvasive ductal or lobular carcinoma 
in a quadrant other than the quadrant containing the 
primary cancer. Thus, residual cancer after excisional 
biopsy, or other noncontiguous foci of cancer in the 
same quadrant, regardless of histology, were not 
considered as evidence of multicentricity. If the pri- 
mary tumor were located deep to the nipple or areola, 
the lesion was considered multicentric only if additional 
foci of cancer were demonstrable at least 5 cm beyond 
the nipple. Similarly, foci of tumor deep to the nipple/ 
areolar complex were considered multicentric only if 
the primary tumor were at least 5 cm beyond the nipple. 
(Cancers accompanied by axillary node metastases, 
in the absence of multicentric foci within the breast 
as already defined, were not considered multicentric.) 


Results 


Using the radiographic criteria enumerated, 232 such 
biopsies were performed at Jefferson between 1973 and 
January 31, 1979 (Table 1). Within this group were 
170 benign lesions, 73.3% of the total number, the 
vast majority of them demonstrating some variant of 
epithelial or stromal proliferation commonly grouped 
under the generic term of fibrocystic disease. Sixty- 


TABLE 1. Clinically Occult Mammary Lesions 


Diagnosis Number Per Cent 

Benign lesions 170 "E 
Malignant lesions 62 26.7 

invasive ductal 30 12.9 

minimally invasive ductal 7 3.0 

noninvasive ductal 20 8.6 

lobular ca-in situ 3 2.2 

invasive lobular 0 — 
Total 232 
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TABLE 2. Clinically Occult Breast Cancer 


er 


Diagnosis Number Per Cent 
Frankly invasive ductal 30 48.4 
Minimally invasive ductal 7 11.3 
Noninvasive ductal 20 32.3 
Lobular ca-in situ 5 8.0 
Invasive lobular 0 — 
Total 62 


two malignant lesions were encountered, representing 
26.7% of the biopsies (Table 2). Dividing the cancers 
into subgroups, based upon histology and degree of 
invasion, almost half, 30 in number, were frankly in- 
vasive ductal carcinomas, including eight tubular car- 
cinomas and 22 "garden variety” ductal carcinomas. 
There were seven minimally invasive cuctal car- 
cinomas. Twenty of the biopsies, about one-third of 
the cancers, revealed noninvasive ductal carcinoma. 
Two women had bilateral noninvasive ductal car- 
cinoma, one each as synchronous and metachronous 
lesions. Five women were found to have lobular 
carcinoma-in situ. There were no invasive lobular 
(small cell) carcinomas. These 62 malignancies oc- 
curred in women between the ages of 39 znd 75, al- 
though the majority were between 45 and 60 years 
of age. 

Discussing first the invasive ductal lesions. 19 of the 
30 presented as occult breast masses, and 1! as areas 
of clustered calcifications. Twenty-nine of the 30 pa- 
tients underwent mastectomy with axillary dissection, 
and eight women, or 28% of this group, were found 
to have axillary node metastases. Four of these eight 
women had nodes involved only at Level I, three pa- 
tients a single node and one patient two nodes. How- 
ever, the other four women were found to have positive 
lymph nodes at all levels, including the apex of the 
axilla (Table 4). 

Eleven of the breasts with a primary diagnosis of 
invasive ductal carcinoma, or 37.9%, demonstrated 
multifocal sites of cancer in the resected breast (Table 
3). Three breasts had other foci of invasive ductal 
carcinoma, seven had foci of noninvasive ductal car- 
cinoma, and one had foci or lobular carcinoma-in situ. 
(Four of the eight breasts with involved lymph nodes 
had multicentric tumor, but none had a separate in- 
vasive focus.) 

Each of the seven minimally invasive ductal car- 
cinomas was detected as suspicious calcifications 
within the breast. All seven women underwent mastec- 
tomy with axillary dissection. None had evideace of 
lymph node metastases. One of these breasts harbored 
other foci of similar minimally invasive ductal cancer. 
and three others had multifocal noninvasive ductal 
carcinoma (Tables 3 and 4). The overall inciderce of 
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multicentricity in these patients with minimally in- 
vasive ductal cancer was 57.1%. E 

There were 20 noninvasive ductal cancers in 18 pa- ` 
tients, and 17 of which presented as suspicious cal- 
cifications, including both of the women with bilateral 
lesions. Two patients underwent biopsy because of a 
suspicious mass seen on the mammograms, and the 
other patient's biopsy recommendation was on the 
basis of an asymmetrical density in the breast. In each 
of these latter three patients, the mass or density was 
benign, but noninvasive ductal carcinoma was an in- 
cidental finding in the specimen. Of this group, 15 
women underwent mastectomy, including the patient 
with synchronous bilateral lesions. Thus. there were 
sixteen mastectomy specimens for evaluation. (The 
one patient with metachronous bilateral noninvasive 
ductal carcinoma underwent mastectomy in 1974, and - 
chose irradiation when her second cancer was diag- 
nosed in 1978.) Twelve of these 16 specimens also 
included at least the Level I axillary contents, and 
none had evidence of lymph node metastases. Six of 
these sixteen mastectomy specimens, or 37.5%, dem- 
onstrated evidence of multicentricity, three each with 
foci of noninvasive ductal carcinoma and lobular 
carcinoma-in situ (Table 3). 

The five women with lobular carcinoma-in situ 
underwent biopsy because of suspicious calcifications 
(three patients) or suspicious masses (two patients). 
In the latter patients, the masses were benign, and 
lobular carcinoma-in situ was an incidental finding. 
Only one of these five patients subsequently under- 
went mastectomy, and there was no residual disease 


in her breast (Table 3). The other four patients, when ^7 


advised of the controversial nature of this disease, 
chose careful follow-up instead of further surgery. 
Thus, the overall incidence of axillary node metas- 
tases in all 48 patients who underwent mastectomy 
with axillary dissection was 16.7% (Table 4). However, 


TABLE 3. Multicentricity in Clinically Occult Breast Cancer 
——— HE 


Primary Diagnosis Other Foci of Cancer 


———— 


Invasive ductal (29) Invasive ductal 3 
Noninvasive ductal 7 
Lobular ca-in situ l 


Total 11/29 = 37.9% 


Minimally invasive Minimally invasive ductal 1 


ductal (7) Noninvasive ductal 3 
Total 4/7 = 57.196 

Noninvasive ductal (16) Noninvasive ductal 3 

Lobular ca-in situ 3 


Total 6/16 = 37.5% 


Lobular ca-in situ (1) None 


Total: 53 mastectomy specimens studied 
multicentricity in 21/53 = 39.6% 


——————————— 
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TABLE 4. Node Metastases in Clinically Occult Breast Cancer 


Diagnosis Number Per Cent 
Invasive ductal 8/29 27.6 
Minimally invasive ductal 0/7 0 
Noninvasive ductal 0/12 0 
Total 8/48 16.7 


because only those patients whose primary tumors 
were frankly invasive had nodal metastases, a more 
correct assessment should exclude all but these pa- 
tients from consideration. The incidence of axillary 
metastases in this group was 28%. 

Of the entire group of 53 evaluable breasts, 21, or 
39.6%, demonstrated other foci of invasive or non- 
invasive ductal or lobular carcinoma within the breast, 
in a quadrant other than the quadrant containing the 
primary lesion. None of the specimens had a multi- 
centric focus of cancer which was more aggressive 
histologically than the primary lesion. 


Discussion 


Depending upon the technique and thoroughness of 
microscopic scrutiny, multiple foci of cancer in mastec- 
tomy specimens are not unusual findings, so that the 
demonstration of this characteristic in this group of 
patients is not surprising, per se. The large propor- 
tion, almost 40%, of these apparently "earliest 
cancers which were multicentric, is disturbing. Clini- 
cally occult, as a descriptive term, must not be equated 
with "minimal," as this latter term has crept, almost 
 insidiously, into the surgical vernacular. Only two of 
the 62 cancers in this series were greater than 1.0 cm 
in diameter, 1.5 and 2.2 cm, respectively, both buried 
deeply in large breasts, accounting for the inability to 
palpate them. However, each of the 62 cancers was 
nonpalpable, even on re-examination, with the positive 
mammograms at hand, so that they all must be con- 
sidered '"'early'' breast cancer, from the clinical, if not 
the biological, point of view. In our own institutional 
study of Stage I and Stage II breast cancers, using the 
same criteria to define multicentricity, this incidence 
was 47%, not an appreciable difference. 

An undercurrent of opinion among those physicians 
who champion the conservative approach of breast 
cancer has been to minimize the importance of non- 
invasive breast cancer. If this were valid, this ob- 
served incidence of multicentricity would be of no 
threat to the patient and would not mandate the thera- 
peutic considerations. But we do not feel that this is 
an acceptable comparison, especially if the multi- 
centric foci are those of invasive or minimally in- 
vasive ductal cancer. Additionally, it is not un- 
reasonable to assume that noninvasive ductal cancer 
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is a precursor of invasive cancer, since about 
40% of patients with noninvasive ductal cancer, 
if not treated by mastectomy, will develop ipsilateral 
invasive cancer subsequently.’ Therefore, any treat- 
ment which carries a high likelihood of leaving islands 
of this disease within the remaining breast must be 
considered inappropriate. 

Nine patients in this study had lobular carcinoma- 
in situ aS a primary or secondary diagnosis, five in the 
former category and four other patients with foci of this 
disease in the resected breast. The long-term follow-up 
of patients with lobular carcinoma-in situ indicates a 
subsequent risk of about 15% ipsilateral invasive 
cancer and almost the same chance of contralateral 
invasive cancer.*'® One may choose to treat these 
patients without further surgery, but they are at high 
risk and must be followed carefully and closely. Even if 
we exclude the diagnosis of multicentric lobular car- 
cinoma-in situ from consideration, one-third of our 
patients had other foci of invasive, minimally invasive, 
Or noninvasive ductal carcinoma. It should also be 
recalled that our definition of multicentricity is a 
conservative one, excluding any evidence of malignant 
foci in the same quadrant as the primary lesion, even 
if of a different cell type than the original tumor. (If 
positive axillary nodes are considered in addition to 
multicentricity, then almost half our patients had either 
multifocal breast cancer or positive axillary nodes.) 
This is even more significant when one remembers 
that all of these lesions were clinically occult. 

What are the implications of these findings? The 
temptation of less than total mastectomy for any 
malignant lesion of the breast because it is so "tiny" 
must be tempered by the realization that small must 
not be equated with inconsequential. At this time, 
therefore, we do not recommend any surgical pro- 
cedure less than total mastectomy for invasive or in 
situ ductal carcinoma, regardless of the small size of 
the primary lesion. Additionally, axillary dissection 
should be part of the procedure for all invasive 
cancers, since these small cancers still have about 
one chance in four of involving the axillary nodes. 
If irradiztion is chosen as an alternative to surgery, 
because of patient or physician preference, this 
likelihood of multicentricity must be considered when 
planning treatment. However, there is little evidence 
that this treatment modality is effective in eradicating 
noninvasive breast carcinoma. 


Summary 


Two hundred thirty-two biopsies have been per- 
formed for nonpalpable mammary lesions, detectable 
by mammography, but not clinically apparent. Sixty- 
two malignancies were demonstrated within this 
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group, including thirty invasive ductal cancers, seven 
minimally invasive ductal cancers, 20 noninvasive 
ductal cancers, and five lobular carcinomas-in situ. 
When mastectomy specimens were examined for evi- 
dence of multifocal cancer in quadrants other than that 
in which the primary was located, 39.6% of the 
breasts examined demonstrated evidence of multi- 
focal cancer, ductal or lobular, invasive or non- 
invasive. These findings suggest that any therapeutic 
procedure for invasive or noninvasive ductal cancer 
which does not include total mastectomy may leave 
behind foci of cancer which may be a threat to the 
patient. 
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Primary Carcinoma of the Duodenum 


ANDERS ALWMARK, M.D., AKE ANDERSSON, M.D., AKE LASSON, M.D. 


Sixty-six patients with primary adenocarcinomas of the 
duodenum recorded by the Swedish Cancer Register durirg 
1958-1973 are reviewed. The mean age was 66 years, 
and female:male ratio 1.2:1.0. The predominant symptom 
was duodenal obstruction. Correct diagnosis was made in 
68% by conventional barium meal examination. Hypoton 
duodenography and duodenoscopy are necessary diagnostic 
aids. In 25% of the patients the diagnosis was first made at 
. postmortem examination. Thirty-two patients had metastases 
at first diagnosis. Forty-three per cent were radically operated 
and 43% palliatively. The operative mortality after curative 
operations was 25% with no difference correlated to operative 
methods with the exception of pure polyp extirpation where no 
patient died. The overall one-year survival was 67% and five- 
year 18%. There was a tendency for longer survival time for 
patients with more distally situated carcinomas. Duodenopar- 
createctomy gave a longer survival time than duodenal 
resection. 


RIMARY CARCINOMA of the duodenum is an ur- 
P common condition. It represents about 0.3% of all 
malignant neoplasms of the gastrointestinal tract and 
25-45% of malignant neoplasms of the small in- 
testine.!?!9?!2? Hamburger described the first case in 
1746. Since then, only 694 cases have been presented 

_in the literature up to 1974.” Most authors report one 
7 or two cases, a few present 5-20 adenocarcinomas 
which are collected over long periods of time,! ??:!5- 
19.20.21 and some have collected cases from the 
literature. 19:17:22 

In reviewing the literature it is quite obvious that 
the correct diagnosis was made very late and led to a 
bad prognosis. We present here 66 patients with pri- 
mary adenocarcinoma of the duodenum. 


Material 


A retrospective study was undertaken of the pa- 
tients diagnosed with neoplasma malignum duoden: 
listed in the Swedish Cancer Register between 1958 anc 
1973. In 118 of the 153 patients with this diagnosis 
it was possible to find the charts, and 66 of these pa- 
tients had a histopathologically confirmed primary 
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adenocarc:noma of the duodenum. Nineteen patients 
had a primary carcinoid of the duodenum, eight pa- 
tients had a sarcoma. Twenty-five patients were ex- 
cluded because they had adenocarcinomas emanating 
from the biliary tract, pancreas or stomach, or no 
histopatho ogic confirmation. 


Results 


The age and sex ratios of the 66 patients are 
seen in Figure |. The peak incidence was between 
60 and 70 years. More than half of the patients were 
between 60 and 80 years old, and the median age was 
66 years. The two youngest patients were a 29-year- 
old womar and a 31-year-old man. The female- male 
ratio was 1.2:1 (36:30). 


Symptoms and Signs 


Table 1 shows that the most common symptoms 
were those of gastrointestinal obstruction, that is 
abdominal discomfort, vomiting and pain after eating. 
Eighteen patients developed icterus, which was caused 
by a tumor close to the papilla in 11 patients. Three 
jaundiced »atients had a concomitant stone in the 
common bile duct and two had liver metastases. Two 
patients were in very bad general condition, no 
other obvious explanation to their jaundice was found. 

A conventional barium meal examination was per- 
formed in 46 of the 66 patients and resulted in a 
correct diagnosis in 68%. In 10% the examination 
suggested a suspicion of some sort of blockage, and 
in 22% the investigation was said to be completely 
normal. A duodenoscopy was performed in only two 
of the patients. There was an unexpected discovery 
of a tumor in the duodenum of 10/49 (2096) patients, 
found either at an exploratory laparotomy or at an 
intended cholecystectomy. Despite a radiologic proof 
of blockage below pylorus, two patients were op- 
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Fic. 1. Age and sex distribution of 66 patients with adenocar- 
cinoma of the duodenum. 


erated on three times before the correct diagnosis was 
made. In 17 patients (25%) it was not until the post- 
mortem examination that the diagnosis was made. 

The average time between first medical consultation 
and correct diagnosis was 7.5 months. In 43 patients 
(65%) it was less than six months with an average 
of 2.5 months, and in 23 patients (35%) it was more 
than six months with an average of 17 months. Several 
of these 23 patients had had anemia three to five years 
prior to diagnosis. Of these patients only three sur- 
vived more than one year after diagnosis. These three 
patients had a polyp with cancer infiltration histo- 
pathologically and are still alive 10, 17 and 17 years 
after their operations. 

Forty per cent of the carcinomas were suprapapillar, 
30% peripapillar and 30% intrapapillar. In five cases 
we were unable to trace the localization from the 
charts. Of the suprapapillar carcinomas two were 
found in the duodenal stump after a Billroth-II 
procedure. 

The macroscopic appearance showed :hree dif- 
ferent types of growth-polypic growth in 18 patients 
(in 11 patients with a diameter of more than 3 cm, in 
seven patients less than 3 cm), ulcerating tumor in 
15 patients and infiltrative growth into the wall in 25 
patients. Histopathologically all our 66 cases have pure 
primary adenocarcinoma of the duodenum. 

In 32 of 66 patients (49%), metastases were found 
at the time of diagnosis. Fourteen patients had 
metastases only in the regional lymph nodes while 
12 patients also had metastases in the liver. Three 
patients had pulmonary metastases and another three 
patients generalized metastatic growth (CNS, skin). 

Two patients without any spread at operation and 
one patient with lymph node metastases at opera- 
tion showed generalized metastatic growth at autopsy 
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three months, six and one-half months and two and. 
one-half years, respectively, after operation. One pa- 
tient without metastases at operation had metastases ` 
to the skin three and one-half years after operation 
but is still alive five years after the first operation. 

Two patients were reoperated because of recurrent 
cancer two and five years respectively after the first 
operation and lived three and one-fourth and six and 
one-half years after the primary operation respectively. 

Forty-nine patients were operated on while 17 pa- 
tents were diagnosed at autopsy. The method for 
operation is seen in Table 2. The age of the patients 
had not influenced the methods in this material, and 
the mean age was almost the same for each operative 
method used. The operation was considered to be 
radical in 43% (21/49), palliative in 43% (21/49) and 
only diagnostic in 14% (7/49). 

Radiotherapy has been given to only one patient, 
who received radiotherapy and cyclophosphamid 
after resection of the stomach for anaplastic cancer. 
This 78-year-old woman survived 24 months. The 
tumor was found incidentally at an intended cholecys- 
tectomy. 

Chemotherapy has been given to four patients who 
had liver metastases or recurrent disease. The effect 
was difficult to estimate. One patient received cyclo- 
phosphamid nine months after the operation. He had 
kidney metastases and survived 30 months. Three 
patients were given 5-Fluoro-Uracil. They had liver 
metastases or recurrent disease and have lived for 
3, 10 and 16 months respectively. 

Operative mortality was 2596 (12/49) in curative 
operations (Table 2). The operative mortality in the 
palliative or diagnostic operations was as high as 
50%. Death was caused by intra-abdominal com- 
plications or sepsis in half of the patients and by 
cardiopulmonary complications in the other half. 
There is no difference in operative mortality corre- 
lated to operative method, except for pure polyp 
exstirpation where no patient died. 


TABLE |. Presenting Symptoms and Signs in 66 Patients 





Number 
Symptoms of Patients 
/——— —c—— GQRMEMMMMMEMN 
Symptoms of gastrointestinal obstruction 


(nausea, vomiting, postcibal pain) 41 
Weight loss 18 
Abdominal pain 16 
Fatigue 11 
Acute intestinal obstruction l 
Anemia 24 
Icterus 20 
Blood in the stools 10 
Fever 4 
Abdominal mass 2 
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TABLE 2. Postoperative Survival Time Related to Method of Operation 
Average Survival Time 
x. Postoperative Survivzu (Months) 
(Months) Polyps Excluded 
Duodenopancreatectomy 12 
radical operation 7 84, 73, 57, 53*, 36, 3€, 30 53 
nonradical operation 3 36, 22, 5 
operative mortality 2 
Duodenal resection 7 
radical operation 4 204*. 76, 69*. 6 4] 
nonradical operation | 39 
operative mortality 2 
Ventricle resection 9 
radical operation 3 204*, 8, 2 5 
nonradical operation 3 24, 12, 6 
operative mortality 3 
Exstirpation of a malign polyp 4 
radical operation 2 108*, 28 
nonradical operation 2 120*.. 120* 
operative mortality 0 
Palliative bypass operations 11 
leaving hospital 5 24, 7, 6, 6, 4 
operative mortality 6 
Biopsy for diagnosis 6 
leaving hospital 3 ET B y 
operative mortality 3 





* Patients still alive, all with cancer transformation into a polyp. 


Postoperative survival related to method of time for patients with more distally situated cancer. 


operation is seen in Table 2. The overall one-year 
survival is 67% and the five-year survival is 18%. 
Patients with histopathologic cancer infiltration in an 
adenomatous polyp had a much better prognosis. 
Seven of these eight patients are still alive after more 
than five years (Table 3). If these eight patients are 
excluded, the five-year survival for the rest of the 
patients is only 7.3%. The duodenopancreatectomy 
gave a longer median survival time than duodenal 
resecretion in radically operated patients. Resection 
of the stomach has given poorer results. 
There was a tendency towards a longer survival 


The average survival time was 23.1 months for seven 
patients with suprapapillar cancer, 27.1 months for 11 
patients with peripapillar cancer and 31.3 months for 
4 patients with infrapapillar cancer. 


Discussion 


The age distribution in this material is the same as 
in other series. Our small female predominance 
(1.2:1) is in accordance with other large series, for 
instance Spira (1.2:1),? Sakker and Ware (1.5:1),!5 
Bosse (1 5:1)! and Kibbey (1.5:1).? 


TABLE 3. Polyps with Cancer Infilwation 








Patient Polyp Operative 
—_ Survival Rate 
Age Sex Size (cm) Localization Methcc Radicality (Years) 
46 male 3-4 infrapap. segmental resection small margin 17 
51 male «2 peripap. Whipple yes 5 
55 male 2 suprapap. polyp exst. in doubt 10 
55 female <2 suprapap. polyp exst. in doubt at first 
later B II resection operation 17 
57 male 3-4 infrapap. polyp exst. in doubt 10 
68 male 3-4 suprapap. polyp exst. not known 9 
* 80 female not known infrapap. segmental resection yes 6 
83 male 2 suprapap. polyp exst. small margin 3% (now dead) 
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In neither our material nor in the literature studied 
are there any clear predisposing factors fer duodenal 
cancer. However, polyps bear a risk for malignancy. 
According to some authors, villous adenomas in the 
duodenum are malignant in about one quarter of the 
cases.*^7?? Benign polyps other than villous adenomas 
are less studied. Sakker and Ware'® report only 12 
cases of carcinoma arising in benign polvps. Schnur'® 
States that 6 of 150 patients with Gardner’s syndrome 
had adenomatous polyps in the duodenum. of whom 
two developed duodenal carcinoma. Some of these 
150 patients developed carcinoma of the ampulla 
of Vater. This author recommends x-ray studies of 
the upper gastrointestinal tract in all patients with 
Gardner's syndrome. Cortese? found a predominance 
of duodenal ulcer or cholelithiasis among cases of 
duodenal carcinoma, a finding not accepted by other 
authors. According to Fawcett, only seven cases of 
carcinoma arising from a duodenal ulcer are reported in 
the literature. There are no obvious reasons for this 
fact. Martin'^ discusses a few probable causes, for 
example the rapid flow of chyme throughout the small 
intestine giving a little time for carcinogens to act on 
the epithelium. Perhaps enzyme activity is different. 
Benzpyrene hydrolase, which converts the potent 
carcinogen benzpyrene into a less active compound, 
has been found in its greatest concentrations in the 
small bowel. The role of the larger amount of lymph- 
oid tissue in the wall of the small intestine than in 
the colon is also interesting but not yet understood. 

Standard barium x-ray studies of the stomach and 
duodenum gave the correct diagnosis in 68% of our 
patient group, which is in agreement with most other 
series. '®?? Kibbey? reported only 53% accuracy, while 
Moss"? has an accuracy as high as 75%. Hypoton 
duodenography seems to be a much better diagnostic 
aid. Laufer!''? reports 93% accuracy in two series 
with in all 280 patients, when he compares hypoton 
duodenography with duodenoscopy. He compares 
standard barium contrast technique with duodenoscopy 
in 175 patients and finds 22% radiological errors, 
which is nearly the same as in our material. There 
are very few reported duodenal tumors diagnosed by 
duodenoscopy, probably because this method has only 
recently become routine. Wald?* found a duodenal 
tumor in 1% (11/1200) of the patients at the John 
Hopkins Hospital Endoscopy Unit. Six of the seven 
patients with malignant lesions had an abnormal x-ray. 

Like other authors, we consider hypoton duodenog- 
raphy and duodenoscopy to be necessary diagnostic 
aids. Angiographic studies are seldom of any help, 
because of the small size of the tumors and the 
often minimal bleeding. As a consequence of the 
diagnostic difficulty 20% of the carcinomas in our 
material were unexpected findings at laparotomv. 
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Little is mentioned in the literature about patient's 
and doctor's delay. Kenefick* reported an average 
of ten months from the first visit until the diagnosis. 
Sakker and Ware'® claim that when the symptoms of 
gastrointestinal tract obstruction, jaundice or abdominal 
mass are present, there is no correlation between dura- 
tion of symptoms and ultimate prognosis. This is not 
in accordance with our experience where a doctor's 
delay of more than six months (27 patients) led to a 
bad prognosis. Only three of these 27 patients sur- 
vived more than one year, and they all had cancer 
infiltration in a polyp, which generally indicated a 
good prognosis. 

The present report is the only one in the literature, 
describing a predominance of suprapapillar tumors. 
Some authors have reported a predominance of peri- 
papillar carcinomas*”'®?! while others a predominance 
of infrapapillar cancers.'*-?2? The biopsy specimens 
with a majority peripapillar cancer if re-evaluated 
microscopically today would probably include some 
tumors derived from the pancreas or common bile 
duct. As for the supra- and infrapapillar tumors, we 
have no explanation for our deviation from other 
large series. Salmon" presented 18 cases of carcinoma 
of the distal duodenum and designated them to a 
special group. This should be a disease of younger 
people with a mean age difference of nearly two 
decades and with a better prognosis, but only Shukla?’ 
agrees with this theory. In our material 25 patients 
had a suprapapillar and 18 an infrapapillar tumor, with 
about the same mean age in the two groups and with 
a prognosis that was no better in the latter. 

The literature gives little information about metastatic 
activity. Spira? reported regional lymph node in- 
volvement at operation in 33% and Marshak" in 67%. 
Spira? and Kenefick? reported that two-thirds of the 
patients have metastases at diagnosis. Other authors 
give no figures about metastases. In our material 49% 
had metastatic activity at diagnosis (a surprisingly low 
per cent in light of the late diagnosis). The cancer 
spreads first to the regional lymph nodes, then to the 
liver and later on to the lungs. General metastatic 
spread is very rare. Most patients died from local 
growth and inability to feed themselves and not from 
distant metastases. This favors an early diagnosis with 
a radical surgical approach. 

Most authors prefer duodenopancreatectomy as the 
curative operation but few can statistically prove that 
it is the best. Operability rates between 70 and 100% 
and curative operations in the range of 43-73% are 
reported. As in other series, we have performed 
more curative operations during recent years than 
during the '50s or '60s. Spira? reported the same 5-year 
survival in duodenopancreatectomy and segmental 
resection, while the 2-year survival was better in 
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duodenopancreatectomy. Table 2 and Figure 2 show 


that median survival time increases when resection of 


the stomach, segmental resection of the duodenum 
and duodenopancreatectomy are compared, but the 
number of patients is too small for statistical sig- 
nificance. Local growth, primary lymphatic spread and 
late distant metastasis spread seem to warrant as 
radical a local operation as possible, i.e. the duodeno- 
pancreatectomy. This can also be recommended be- 
cause thanks to modern postoperative care postopera- 
tive mortality does not increase any more after this 
operation than after local resection. 

The above statement is perhaps not true when the 
patient has only cancer infiltration in an adenomatous 
polyp. In our material, seven out of eight patients with 
this diagnosis are still alive more than five years after 
the operation irrespective of operative method. Three 
of these seven patients were treated with simple polyp 
exstirpation. We have only found one patient thus 
treated by simple extirpation reported in the litera- 
ture.’ It is important to know that we have found 
no benign polyp larger than 4 cm in diameter re- 
ported in the literature or among our patients. This 
coincides with reports on villous adenomas of the 
duodenum.*'"?? Kutik'" stated that among the 41 
reported villous adenomas in the literature there is 
a greater risk of malignancy in adenomas larger than 4 
cm in patients over 50 years of age, if the adenoma 
is located in the distal duodenum. 

At present irradiation. treatment and/or chemo- 
therapy are seldom used. Only one of our patients 
was treated immediately postoperatively with com- 


— bined therapy, and another four patients were treated 


with chemotherapy for metastases or recurrency. 
Sakker and Ware'® have reported five patients treated 
with adjuvant chemotherapy. Among our patients, 
three were treated by irradiation and lived 9, 13 and 54 
months thereafter. One patient with a curative but not 
radical operation was treated postoperatively with 
5-Fluoro-Uracil and was well 22 months after the opera- 
tion. One patient was given combined irradiatión and 
chemotherapy after a palliative operation and lived 
24 months postoperatively. Hedman? reported about a 
woman radically operated by segmental resection who 
was subsequently treated with postoperative irradia- 
tion. She developed a local recurrence, was given 5- 
Fluoro-Uracil and lived 57 months postoperatively 
though in bad general condition. The effect of post- 
operative irradiation and chemotherapy is not clear 
in the literature. However, it seems worth trying if 
an operation is curative but not radical or if it is only 


Palliative. Survival (Table 2) after a palliative opera- 


21.22 


tion alone is nearly always less than six months? 
while survival after palliative operation and combined 
chemo- and radiotherapy is between 12 and 24 months. 
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Segmental resection n: 16 
—————————— Duodeno-pancreatectomy n=12 
----2-2-2-2-22-22------------ Palliative by- pass n:11 
——— € —— — HH Malign polyp exstirpation n:4 
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Fic. 2. Survival rates in patients with carcinoma of the duodenum 
following polyp extirpation, duodeno-pancreatectomy, segmental 
resection and palliative by pass operations. 


An operative mortality around or just above 2066 
was reported by most authors.^*!^!7^?? Survival is 
usually poor, especially if the polyps with cancer 
transformation are excluded. Shukla”? indicated that 
curative and palliative operations give the same 
result, i.e. death within 6 months. At the other extreme 
are Cortese? and Crane? who reported a 44 and 40% 
5-year survival rate, respectively, after duodeno- 
pancreatectomy. Other authors have reported 5-year 
survivals of 5-159699?! and 15—2596!9?? after cura- 
tive operations, which is in agreement with our find- 
ings. That survival time after a palliative operation is 
nearly always less than 6 months (Table 2).?!?? 

After studying the charts and comparing our results 
with these in the appropriate literature we conclude 
that it is possible to reduce the disconcerting statistics 
of the primary carcinoma of the duodenum. Awaken 
the doctor's suspicion about the early symptoms. Give 
the doctor good diagnostic aids, such as double con- 
trast x-rays of the duodenum and duodenoscopy. 
Make the surgeon do a wide resection. Why not try a 
combination of radiation and cytotoxic drugs as ad- 
juvant »ostoperative therapy? 
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Gallbladder Carcinoma First Diagnosed at 
Microscopic Examination of Gallbladders Removed for 


The patients who survive gallbladder carcinomas more than 
five years are usually those in whom the carcinoma was 
* first diagnosed at microscopic examination of gallbladders 
removed for presumed benign disease. A group of 32 such 
patients (from a series of 120 cases) was studied. The 
prognosis was very bad (longest survival 2.5 years) in 21 of 
the patients where the cancer involved all the layers of the 
gallbladder wall. The prognosis was far better in the 11 pa- 
tients in which the cancer was confined to the mucosa or 
submucosa. Sixty-four per cent of the patients were alive 
after 5 years and 44% after 10 years. Five of the 11 patients 
died because of recurrence. Simple cholecystectomy had been 
performed in all the patients except one who underwent a right 
hepatic lobectomy. Radical cholecystectomy including a wedge 
resection of liver tissue and dissection of the regional lymph 
nodes is recommended in all patients with inapparent gall- 
bladder carcinomas. 


HE PROGNOSIS FOR CARCINOMA of the gallbladder is 
T bad and less than 5% of the patients are still 
salive five years postoperatively.+!31617 The ma- 
jority of patients who live longer than five years are 
usually those in whom the carcinoma was first 
diagnosed at microscopic examination of their gall- 
bladders which were removed for presumed benign 
disease. The prognosis in this group of patients is, 
however, not uniformly good. Therefore a simple stag- 
ing system for unsuspected carcinoma of the gall- 
bladder has been suggested earlier by the author.? 
The follow-up period was short for many of the pa- 
tients and therefore I have followed up the earlier 
series for a minimum of ten years for the surviving 
patients. 


Material 


During the years 1956 to 1973, 120 patients with 
carcinoma of the gallbladder were operated on at 11 
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different hospitals in the Umea area in northern 
Sweden (about one-half million inhabitants). The car- 
cinoma was diagnosed first at microscopic examina- 
tion of resected gallbladders in 32 of the 120 patients. 
There were 24 females and 8 males with a mean age 
of 66 years (range: 42-87 years) for females and 
65 years (range: 37-79 years) for males. All the 
patients underwent cholecystectomy. Only one patient 
was reoperated after the histologic diagnosis of car- 
cinoma was proved. In this patient a right hepatic 
lobectomy was performed. 

Stones were found in the gallbladder in 28 (88%) 
of the 32 specimens. Microscopic examination showed 
adenocarcinoma in 30 patients, adenoachantoma in 
one patient and an undifferentiated carcinoma in one 
patient. In 11 patients the carcinoma was confined to 
the mucosa and submucosa (Group A) while the car- 
cinoma involved all the layers of the gallbladder wall 
in 21 patients (Group B). 

The number of cholecystectomies in the whole 
Umea area is impossible to estimate. In Umea 
University Hospital, however, 4,600 gallbladder opera- 
tions were performed during the years 1962 to 1973. 
During the same period 14 gallbladder carcinomas 
(0.376) were diagnosed first at pathologic examina- 
ton. All the removed gallbladders were routinely 
sent for histologic examination at Umea University 
Hospital. 


Results 


All the 32 patients were followed-up until death or 
to April 1979. The minimum follow-up period for pa- 
tients still alive was 10 years (range 10—22 years) 
(Table 1). The prognosis for the patients with carcinoma 
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TABLE |. Data on 11 Patients with Gallbladder Carcinoma Confined to the Mucosa and Submucosa (Group A) 


ag i 


Pathologic 


Findings? Follow-up Period Cause of Death 


i 


Pat. Type of 
No. Sex, Age Cholelithiasis Cholecystitis* 
l F 71 k C 
3 F 73 + C 
10 M 37 F P 
I] F 68 = C 
l6 F 70 de C 
17 F 67 5 C 
18 F 56 - A 
22 F 77 + A 
25 M 72 E C 
26 F 76 eS C 
32 FT73 + C 


Ac 4 year 4 mo. Carcinoma 
Ac | year 1] mo. Carcinoma 
Ac Alive 10 years — 
Ac 7 years Carcinoma 
Ac Alive 12 years — 
Ac Alive 12 years — 
Ac Alive 22 years — 
Ac 5 years Cerebral bleeding 
Ac 2 years 3 mo. Carcinoma 
Ac Alive 10 years — 
Ac 3 years | mo. Carcinoma 


—— M À—— M —À a E 


* A: acute: C: chronic. 


infiltrating the whole gallbladder wall (Group B) was 
very bad (Table 2). Only 30% of these patients were 
alive after one year and all the patients died within two 
years five months (Fig. 1). Three patients died early 
during hospitalization of peritonitis, pancreatitis and 
cardiac infarction. The remaining patients all died be- 
cause of recurrent carcinoma. The patient who under- 
went a right hepatic lobectomy had a recurrence 
one year later and died. The prognosis for the 11 pa- 
tients with carcinoma confined to mucosa and sub- 
mucosa (Group A) was much better (Fig. 1). Seven 
(64%) were still alive after five years and five (45%) 
after 10 years. One of the patients in Group A died 
of cerebral bleeding five years after initial surgery 
and the remaining patients died of recurrent gall- 
bladder caricnoma. 


* Ac: adenocarcinoma. 


Discussion 


In the present series the gallbladder carcinoma 
was diagnosed first at microscopic examination in 
32 of 120 patients (27%). The frequency was about 
the same in the series of Keill and DeWeese"! or 11 of 
33 patients (33%). Piehler and Crichlow™ reported a 
slightly lower frequency (9 of 48 patients: 19%). The 
sex and age distribution and the frequency of gall- 
stones was similar as in earlier reported series.!?^ The 
prognosis of patients with inapparent gallbladder car- 
cinoma is not good. Tragerman'* reported that seven 
of eight patients in this group died because of re- 
current carcinoma. Klein and Finck" four of six pa- 
tients died because of recurrence. Piehler and Circh- 
low"? reported a mean survival of 21.5 months in eight 


TABLE 2. Data on 21 Patients with Gallbladder Carcinoma Infiltrating ail Lavers of the Gallbladder 


Pat. Type of Pathologic 
No. Sex, Age Cholelithiasis Cholecystitis* Findings? Follow-up Period Cause of Death 
eee 
2 M 79 + Ap Ac 5 months Carcinoma 
4 F 72 + À Ac | year Carcinoma 
5 F 53 + A U 6 months Carcinoma 
6 F 42 + E Ac | year 2 mo. Carcinoma 
7 F 75 + A Ac 2 years | mo. Carcinoma 
8 F 46 _ E Ac 2 years Carcinoma 
9 F 67 + A Ac 1.5 month Carcinoma 
12 F 43 + C AC 8 months Carcinoma 
13 F 55 t A Ac 3 months Carcinoma 
14 F 77 + A Ac 5 days Peritonitis 
15 F 73 + Ap Ac 6 months Carcinoma 
19 M 75 + A Ac 17 days Pancreatitis 
20 M 75 + A Ac 2 years 5 mo. Carcinoma 
21 F 67 + A Aa 8 months Carcinoma 
23 F 69 + C Ac | year 2 mo. Carcinoma 
24 M SS t A Ac 4 months Carcinoma 
27 F 87 + A Ac 3 days Cardiac infarction 
28 M 65 — A Ac 3 months Carcinoma 
20 M 59 + C Ac 9 months Carcinoma 
30 F 57 + C Ac 10 months Carcinoma 
31 F 59 + A Ac | month Carcinoma 


EEE 


* A: acute; C: chronic: Ap: acute cholecystitis with perforation. 


* Ac: adenocarcinoma; Aa: adenoachantoma: U: undifferentiated. 
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Fic. 1. Per cent survival in the two different groups of patients. 


Group A = carcinoma confined to the mucosa and submucosa. 
Group B = carcinoma infiltrating all layers of the gallbladder wall. 


patients in whom the diagnosis was made post- 


- operatively by pathologic study of resected specimens. 


Only one of the eight patients had a documented 
five-year survival. Also Frank and Spjut? reported a 
poor prognosis in 16 patients with inapparent car- 
cinoma and found a five-year survival rate of 13%. 
In this series consisting of 32 patients the five-year 
survival rate was 22% and the ten-year rate was 16%. 
If the carcinoma was confined to mucosa and sub- 
mucosa the five-year survival rate was much better or 
64%, and 44% of the patients are still alive after a 
minimum of ten years. This should be compared wi:h 
a five-year survival rate of 4.1% in 5,836 patients with 
gallbladder carcinoma collected from the literature. ? 

In 31 of 32 patients in this series only cholecystec- 
tomy was performed. No patient had a radical cho- 
lecystectomy. One of the patients was reoperated 


7 "and a right hepatic lobectomy was performed. This 


patient died one year after the second operation. Al- 
though there are cases reported with five-year survival 
after an hepatic lobectomy in patients with cancer 
infiltration of all the layers of the gallbladder wall,^*:!* 
I am not convinced that such an operation is ever 
indicated in these patients. Knowledge of the b o- 
logic behavior of gallbladder carcinomas is essential 
for a rational surgical approach. Fahim et al.** have 
studied the behavior of carcinoma of the gallbladder 
extensively. The most common spread was shown to 
be lymphatic, vascular, neural, intraperitoneal and 
intraductal. Lymphatic drainage from the gallbladder 
is to lymph nodes along the cystic and common File 
ducts and then via the pancreaticoduodenal nodes 
to the para-aortic nodes. Venous drainage goes to the 
quadrate lobe of the liver. Vascular metastases to the 
liver, therefore, are localized near the gallbladder end 
not in the whole liver as in other gastrointestinal 


* carcinomas. Invasion of the liver in gallbladder car- 


cinoma is frequent and was found in 69% of 984 pa- 
tients from nine series.'® Involved regional lymph 
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nodes were found in 45% of the same 984 patients. 
Intraductal spread is seen in papillary carcinomas of 
the gallbladder. 

Cholecystectomy has been considered as an adequate 
operation fer carcinoma confined to the mucosa and 
submucosa.* In this series with the longest follow-up 
period in a series of this kind, five of 11 patients 
with carcinoma confined to mucosa and submucosa 
died because of recurrence after | year 11 months to 
7 years. Local recurrence after cholecystectomy for 
carcinoma superficial to the muscularis layer has also 
been reported by others."'^ An extended operation 
must be als» recommended for this group of patients 
with inaprzrent carcinomas. All gallbladders should 
be opened and examined carefully at operation. Im- 
mediate frozen sections should be done whenever any 
suspicious esion is found. If carcinoma is found at 
microscopic examination a wedge resection including a 
3-5 cm margin of normal liver should be per- 
formed.^" The operation should also include a nodal 
dissection of the cystic, pericholedochal, pancreatico- 
duodenal and para-aortic nodes.?/'? The results on sur- 
vival of tms mode of treatment have not yet been 
evaluated. Adson,' however, reported that three pa- 
tients with carcinoma in either the liver or regional 
nodes survived 3.5—-12 years after radical cho- 
lecystectomy. Glenn and Hays!’ reported that ex- 
tensive resections would not result in improved 
survival. Two of their longest survivors, however, had 
invasive cancer and one patient alive four years follow- 
ing operat on had a metastasis in a regional lymph 
node. The longest survivor in this series of 21 pa- 
tients with invasive cancer died after two years 
five months. 


Summary 


Gallbladder carcinoma was first diagnosed at micro- 
scopic examination of resected specimens in 32 of 120 
patients. Only one of these 32 patients was re- 
operated and a right hepatic lobectomy was per- 
formed. In 21 of the 32 patients the carcinoma in- 
volved all the layers of the gallbladder wall. All these 
patients had a bad prognosis with the longest survivor 
dying at 2.5 years. In 11 patients the cancer was 
confined to the mucosa and submucosa. The results 
of treatment were much better in this group of pa- 
tients. Sixty-four per cent of the patients survived 
5 years and 44% survived 10 years. One patient is 
still alive 22 years postoperatively. Since five of the 
11 patients died in recurrence, cholecystectomy is not 
an adecuate operation in gallbladder carcinomas 
superficial to the muscularis layer. We recommend 
a radical cholecystectomy with wedge resection includ- 
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ing 3-5 cm of normal liver and dissection of the 
regional lymph nodes in all patients with inapparent 
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Cefamandole Nafate 


Brief Summary. Consult the package literature for prescribing information. 


Indications and Usage: Mandol is indicated for the treatment of serious infec- 
tons caused by susceptible strains of the designated microorcenisms in the 
diseases listed below: 

Lower respiratory infections, including pneumonia caused by Streptococ- 
cus pneumoniae (Diplococcus pneumoniae). Haemophilus influenzae, 
Klebsiella species, Staphylococcus aureus (penicillinase and non- 
penicillinase-producing), beta-hemolytic streptococci, and Proteus 
mirabilis 

Urinary tract infections caused by Escherichia coli, Proteus species (both 
indole-negative and indole-positive), Enterobacter species, Klebsiella 
species, group D streptococci (Note: Most enterococci, e.g.. S. faecalis, 
are resistant), and S. epidermidis 

Peritonitis caused by E. coli and Enterobacter species 

Septicemia caused by E. coli, S. aureus (penicillinase and non-penicillinase- 
producing), S. pneumoniae, S. pyogenes (group A beta-hemolytic 
streptococci), H. influenzae, and Klebsiella species 

Skin and skin-structure infections caused by S. aureus (penicillinase and 
non-penicilinase-producing), S. pyogenes (group A beta-hemolytic 
streptococci), H. influenzae, E. coli, Enterobacter species, amd P. mirabilis 

Bone and joint infections caused by S. aureus (penicillinase and non- 
penicillinase-producing) 

Clinical microbiologic studies in nongonococcal pelvic inflammatory 
disease in females, lower respiratory infections, and skin infections frequently 
reveal the growth of susceptible strains of both aerobic and anaerobic orga- 
nisms. Mandol has been used successfully in these infections in which several 
organisms have been isolated. Most strains of Bacteroides fragilis ere resistant 
in vitro; however, infections caused by susceptible strains have D2en treated 
successfully. 

Specimens for bacteriologic cultures should be obtained in order to isolate 
and identify causative organisms and to determine their susceptibilities to 
cefamandole. Therapy may be instituted before results of suscept bility studies 
are known; however, once these results become available, the artibiotic treat- 
ment should be adjusted accordingly. 

In certain cases of confirmed or suspected gram-positive or gram-negative 
Sepsis or in patients with other serious infections in which the causative orga- 
nism has not been identified, Mandol may be used concomitertly with an 
aminoglycoside (see Precautions). The recommended doses > both anti- 
biotics may be given, depending onthe severity of the infection anc tne patient's 
condition. The renal function of the patient should be carefully monitored, 
especially if higher dosages of the antibiotics are to be administered. 

Antibiotic therapy of beta-hemolytic streptococcal infections should con- 
tinue for at least ten days. 


Contraindication: Mandol is contraindicated in patients with knowa allergy to 
the cephalosporin group of antibiotics. 


Warnings: BEFORE THERAPY WITH MANDOL IS INSTITUTED. CAREFUL IN- 
QUIRY SHOULD BE MADE TO DETERMINE WHETHER THE PATIENT HAS 
HAD PREVIOUS HYPERSENSITIVITY REACTIONS TO CEPHALOSPORINS. 
PENICILLINS, OR OTHER DRUGS. THIS PRODUCT SHOULD BE G VEN CAU- 
TIOUSLY TO PENICILLIN-SENSITIVE PATIENTS. ANTIBIOTICS SHOULD BE 
ADMINISTERED WITH CAUTION TO ANY PATIENT WHO HAS DEMON- 
STRATED SOME FORM OF ALLERGY, PARTICULARLY TO DRUGS SERIOUS 
ACUTE HYPERSENSITIVITY REACTIONS MAY REQUIRE EPINEPHRINE AND 
OTHER EMERGENCY MEASURES. 

In newborn infants, accumulation of other cephalosporin-class antibiotics 
(with resulting prolongation of drug half-life) has been reported. 


Precautions: Although Mandol rarely produces alteration in kidn=y function, 
evaluation of renal status is recommended, especially in seriously ill patients 
receiving maximum doses. 

Prolonged use of Mandol may result in the overgrowth of nonsusceptible 
organisms. Careful observation of the patient is essential. If superinfection 
occurs during therapy, appropriate measures should be taken. 

Nephrotoxicity has been reported following concomitant administration of 
aminoglycoside antibiotics and cephalosporins. 

A false-positive reaction for glucose in the urine may occur with Benedict's 
or Fehling's solution or with Clinitest* tablets but not with Tes-Tape” (Glucose 
Enzymatic Test Strip, USP, Lilly). There may be a false-positive test for pro- 
teinuria with acid and denaturization-precipitation tests. 

As with other broad-spectrum antibiotics, hypoprothrombinera a, with or 
without bleeding, has been reported rarely, but it has been promptly re- 
versed by administration of vitamin K. Such episodes usually have occurred 
in elderly, debilitated, or otherwise compromised patients with deficient stores 
of vitamin K. Treatment of such individuals with antibiotics possessing signifi- 
cart gram-negative and/or anaerobic activity is thought to alter tne number 
and/or type of intestinal bacterial flora, with consequent reduction n synthesis 
of vitamin K. Prophylactic administration of vitamin K may be indicated in such 
patients, especially when intestinal sterilization and surgical procedures are 
performed. 

Usage in Pregnancy — Safety of this product for use during precnancy has 
not been established. 

Usage in Infancy — Mandol has been effectively used in this age group, but 
all laboratory parameters have not been extensively studied in infants between 
one and six months of age; safety of this product has not been established in 
prematures and infants under one month of age. Therefore, if Mandol is ad- 
ministered to infants, the physician should determine whether the potential 
benefits outweigh the possible risks involved. 


Adverse Reactions: Hypersensitivity — Maculopapular rash, urticaria, eosino- 
philia, and drug fever have been reported. These reactions are more likely to 
occur in patients with a history of allergy, particularly to penicillin. 

Blood — Thrombocytopenia has been reported rarely. Neutropenia has 
been reported, especially in long courses of treatment. Some individuals 
have developed positive direct Coombs tests during treatment with the 
cephalosporin antibiotics. 

Liver — Transient rise in SGOT, SGPT, and alkaline phosphatase levels has 
been noted. 

Kidney — Decreased creatinine clearance has been reported in patients 
with prior renal impairment. As with some other cephalosporins, transitory 
elevations of BUN have occasionally been observed with Mandol: their fre- 
quency increases in patients over 50 years of age. In some of these cases, 
there was also a mild increase in serum creatinine. 

Local Reactions — Pain on intramuscular injection is infrequent. Thrombo- 
phlebitis occurs rarely 


Administration and Dosage: Dosage — Adults: The usual dosage range for 
cefamandole is 500 mg to 1 gm every four to eight hours. 

In infections of skin structures and in uncomplicated pneumonia, a dosage 
of 500 mg every six hours is adequate. 

In uncomplicated urinary tract infections, a dosage of 500 mg every eight 
hours is sufficient. In more serious urinary tract infections, a dosage of 1 gm 
every eight hours may be needed 

In severe infections, 1-gm doses may be given at four to six-hour intervals 

In life-threatening infections or infections due to less susceptible organisms. 
doses up to 2 gm every four hours (i.e., 12 gm per day) may be needed. 

Infants and Children. Administration of 50 to 100 mg/kg/day in equally 
divided doses every four to eight hours has been effective for most infections 
susceptible to Mandol. This may beincreased toa total daily dose of 150 mg/kg 
(not to exceed the maximum adult dose) for severe infections. (See Warnings 
and Precautions for this age group.) 

Note: As with antibiotic therapy in general, administration of Mandol should 
be continued for a minimum of 48 to 72 hours after the patient becomes 
asymptomatic or after evidence of bacterial eradication has been obtained: a 
minimum of ten days of treatment is recommended in infections caused by 
group A beta-hemolytic streptococci in order to guard against the risk of rheu- 
matic fever or glomerulonephritis; frequent bacteriologic and clinical ap- 
praisal is necessary during therapy of chronic urinary tract infection and may 
be required for several months after therapy has been completed; persistent 
infections may require treatment for several weeks; and doses smaller than 
those indicated above should not be used 

Impaired Renal Function — When renal function is impaired. a reduced 
dosage must be employed and the serum levels closely monitored. After an 
initial dose of 1to 2 gm (depending on the severity of infection), a maintenance 
dosage schedule should be followed (see chart). Continued dosage should 
be determined by degree of renal impairment, severity of infection, and 
susceptibility of the causative organism 


MAINTENANCE DOSAGE GUIDE 
FOR PATIENTS WITH RENAL IMPAIRMENT 


Life-Threatening 
Infections — 
Maximum Dosage 


Creatinine Clearance 
(ml/min/1 73 m?) 


Less Severe 


Renal Function Infections 


1-2 gm 
q6h 


0 75-15 gm 
q6h 
0.75-1.5 gm 
q8h 
0 5-1 gm 
q8h 


0 5-0 75 gm 
g izh 


Moderate 
Impairment 


Impairment 


Marked 
Impairment 


05gmq8h 
OR 
075 gmq 12h 


0 25-0 5 gm 
qgi2h 


When only serum creatinine is availiable, the following formula (based on 
sex. weight, and age of the patient) may be used to convert this value into 
creatinine clearance. The serum creatinine should represent a steady state 
of renal function. 

Weight (kg) x (146 — age) 
72 x serum creatinine 
Females 0.9 x above value 
How Supplied: Vials Mancol* (cefamandole nafate, Lilly), for Injection. 500 mg 
and 1 gm (equivalent to cefamandole activity), 10-ml size, in packages of 1 and 
Traypaks™ (multivial cartons. Lilly) of 25. 2 gm (equivalent to cefamandole 
activity), 20-ml size, in packages of 1 and Traypaks of 10: 1 and 2 gm (equiva- 
lent to cefamandole activity), 100-ml size, in Traypaks of 10. [062679] 


Lilly 


901027 


Males 


Additional information available 
to the profession on request 


Eli Lilly and Company 
Indianapolis. Indiana 46206 





PULSE VOLUME RECORDER evr: )* 


The NON-INVASIVE Clinical Vascular Laboratory 
~NOW AVAILABLE with CALIBRATED, AUTOMATIC CUFF inflation 





An Extensively Documented Clinical Procedure for 


the Quantitative Evaluation of Peripheral Vascular Disease: Ophthalmic artery pressure is read 
directly on the OPG Attachment of 


Arte rial — Venous — E ereb ral the PVR for the evaluation of col- 
lateral circulation to each eye, and 

Excellent Long-term Reproducibility and Calibrated its respective cerebral hemisphere. 
Accuracy by Quantitative Segmental Cuff Technique 


PULSE VOLUME 
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CURVE B 
dios INTRA-ARTERIAL VENOUS THIGH Cure 
d CANNULATION RELEASE 
| EVALUATION i 
0.8}- PULSE VOLUME 
m CURVE OBTAINED — 
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ie PVR SEGMENTAL 
3. | PRESSURE CUFFS 
$ 0.4} 
| 
< | 
0.2 
Oo 1 
Oo 0.2 0.4 0.6 0.8 1.0 
HEART PERIOD 3 . 
A 15-point scale provides 
Comparison of pressure contours obtained approximately 2 % false (-) 
with the PVR and direct cannulation of the and 5% false (+). 


common femoral artery. 


Total Segmental perfusion (primary vessel plus collaterals) is accurately 
documented at the thigh-calf-ankle-metatarsal level and digits. The built-in 
Doppler facilitates the measurement of pressures along the arterial tree. 


The COMBINED information of segmental PVR recordings and systolic pressure » 
gradient establishes a clinically accurate picture of functional perfusion. i 











Built-in, Recording 
Bi-Directional Doppler 


For In-Hospital 
use or Office- 
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Reimbursement for In- and Out-Patients under: 
e Various non-profit hospital and medical-surgical service plans 


References, bibliography, and | 
details on request. | 


e Medicare € Veterans Benefits € Commercial Insurance Companies. H ion Inc -—— 
Life Sciences Inc. 
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Nov...in moderat fo severe pain 


Important option when 
potent parenteral analgesics 
are indicated 


B Standard doses of Stadol are as 
effective in relieving pain as standard 
doses of both morphine ‘and 
meperidine.’ *’ 


E By either I.M. or I.V. route—pro- 
vides prompt onset of analgesia, 
achieves peak activity rapidly, main- 
tains effects for 3—4 hours. 


E Distinguished by its favorable side 

effects profile, ^77 °° ’_low physi- 
cal-dependence liability, limited respi- 
ratory depressant effect, little nausea 


Unsurpassed pain relief 












3.5 
à Moderate to severe pain, all doses I. V. 
== Butorphanol tartrate 0.5 mg 
= Butorphano! tartrate 1 0 mg | 
3.0 mm Butorphano! tartrate 2.0 mg 
um Morphine sulfate 2.5 mg 
mums Morphine sulfate 5.0 mg 
N=116 
2.5 
v» 
$ 2.0 
V 
^ 
2 
i 
£ 5 
o 1.5 
a 
1.0 
0.5 | 
— OS 
0 1.0 2.0 3.0 4.0 
Hours after administration 


Average mean pain relief scores 
In response to butorphanol tartrate 
and morphine sulfate 


In this study "'... butorphanol tartrate 

0.5 mg produced greater relief than 
morphine sulfate 2.5 mg and butor- 
phanol tartrate 1.0 and 2.0 mg produced 
greater relief than morphine sulfate 

5.0 mg." (DelPizzo') 








and vomiting, and low incidence of 
CNS effects other than sedation. 


E 2 mg. of Stadol produces an order 
of respiratory depression similar to 
that caused by 10 mg. of morphine. 
In contrast to morphine, increasing 
Stadol doses yield greater analgesic 
effect,’ without appreciably increas- 
ing liab lity for respiratory depres- 
sion.'* 


Unsurpassed pain relief 
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Moderate to severe pain, all doses I.M 






= Dutorph | 1 mg./70 kg 
-— Buio pl > 2 ng 70 kg 
3.0 -— uico phono! 4 mg 70 kg 






= Meperidine 40 mg 70 kg 
= Meperidine 80 mg 70 kg 
N - 104 
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Pain relief score 
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Hours after administration 


Average mean pain relief scores 
In response to butorphanol tartrate 
and meperidine hydrochloride 


In moderate to severe pain, butorphanol 
tartrate provided relief "'.. . that was not 
statisticclly distinguishable from that 


achieved with 80 mg/70 kg meperidine.” 
(Gilbert et al*) 





B The low addictive potential of 
Stadol*' is underscored by its narcotic 
antagonist properties. 


Stadol is not recommended for 
patients physically dependent on 
narcotics or with significant pre- 
vious narcotic experience. Its use 
in such patients, without prior 
detoxification, will result in induc- 
tion of withdrawal reactions. 


Limited respiratory depressant effect 
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Log dose (ug./ kg.) 


Log dose PACO, displacement curves 


In this graph based on alveolar carbon 
dioxide tension (PACO;) measurements, 
the flatter the curve, the less respiratory 
depression. “The flat dose-response curve 
... Of butorphanol may indicate that, 
because of its antagonistic properties, 
there is a limit to its respiratory depres- 
sant effects. (Adapted from Nagashima et al^) 
Unlike morphine with its steep dose- 
response curve, the magnitude of res- 
piratory depression does not increase ina 
dose-related manner with Stadol, within 
the range of recommended doses. 








Stadol; 
IV 
omand ata. loser to 


the ideal 
parenteral 
analgesic 


The following table shows a side-by-side clinical comparison 
of Stadol with both morphine and meperidine. 


Butorphanol 
tartrate 








HO 


Clinical 
parameters Meperidine Morphine Stadol 


Control status Schedule II Schedule Nonscheduled 
Indication moderate to moderate to moderate to 
| Severe pain severe pain severe pain 
Standard I.M. . 75-100 mg. 8-10 mg. 2 mg. 
dose | (1 to 4 mg.) 
j TE e Standard I.V. 50-100 mg. 4—10 mg. 1 mg. 
ba. Low physical-dependence liability Hose uw (0.5 to 2 mg.) 


3 


a lot 


Usual route of 
administration 


Like 
moder- 2 
ately 


slightly 


Onset of pain 30 minutes 30 minutes less than 30 
relief I.M., very I.M., very minutes I.M., 
rapidly I.V. rapidly I.V. very rapidly I.V. 


Don't 
care 


Like 
a lot 
Like 


moder- 2 
ately 


Peak analgesic | within 1 hour within 1 hour within 1 hour 
activity | |. M., within I.M., within I.M., within 
aA . 30 minutes I. V. | 20 minutes L.V. | 30 minutes I.V. 


| 
k | 
due 0 Duration of pain | slightly less about 4 hours | 3-4 hours 
Butorphanol (48 mg./day) relief I.M./I.V. | than morphine 5o a 
0 5 10 15 20 25 30 
Initial days on drug Addicting high 
potential | i 


Preference scores completed by subjects d latad 
during chronic butorphanol tartrate ose-relat 
administration compared with scores depression 
from three other groups of subjects re- 

4 ceiving 30, 120 and 240 mg. of morphine 
daily. (Adapted from Jasinski et al?*) 





















dose-related limited depres- 
depression sion—no appre- 
ciable dose- 
related increase 
within the range 
of recommended 
doses. 


Respiratory 
effects 








Data for this table were obtained from: Jaffe, J. H. and Martin, W. R.: Narcotic analgesics and 
m| BRISTOL LABORATORIES antagonists, in The Pharmacological Basis of Therapeutics (Goodman, L. S. and Gilman, A., eds.), 
BRISTOL Div. of Bristol-Myers Company ed. 5, New York, Mecmillan, 1975, pp. 245—283; AMA Drug Evaluations, ed. 3, Chicago, 1977, 
Syracuse, New York 13201 pp. 325—339; and from manufacturer recommendations. 
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INDICATIONS AND USAGE — (1) 8/18/78 
Stadol is recommended for the relief of moderate to severe pain. 
CONTRAINDICATIONS — Stadol should not be administered to patients who have 
been shown to be hypersensitive to it. 

WARNINGS — Patients physically dependent on narcotics: Because of its an- 
tagonist properties, Stadol is not recommended for patients physically dependent on 
narcotics. Detoxification in such patients is required prior to use. 

Due to the difficulty in assessing addiction in patients who have recently recsived sub- 
stantial amounts of narcotic medication, caution should be used in the administration of 
Stadol. Detoxification of such patients prior to usage should be carefully considered. 
Drug dependence: Special care should be exercised in administering Stada! -o emo- 
tionally unstable patients and to those with a history of drug misuse. When long-term 
therapy is contemplated, such patients should be closely supervised. Even thaugh 
Stadol has a low physical-dependence liability, care should be taken that indrv.duals 
whe may be prone to drug abuse are closely supervised. It is important to aveid in- 
crecses in dose and frequency of injections ^ the atient and to prevent the use of the 
drug in anticipation of pain rather than for the relief of pain. 
Head injury and increased intracranial pressure: Kithough there is no climscal ex- 
perience in patients with head injury, it can be assumed that Stadol, like other potent 
analgesics, elevates cerebrospinal fuid pressure. Therefore the use of Stadol in cases of 

injury can produce effects (e.g., miosis) which may obscure the clinical ceurse of 
patients with head injuries. In such patients Stadol must be used with extreme eaution 
and only if its use is nad essential. 
Cardiovascular effects: Because Stadol increases the work of the heart, espec ally-the 
pulmenary circuit (see Clinical Pharmacology), the use of this drug in acute myocardial 
infarction or in cardiac patients with ventricular dysfunction or coronary insufficiency 
should be limited to those who are hypersensitive to morphine sulfate or meperidine. 
PRECAUTIONS — Certain respiratory conditions: Because Stadol causes som? res- 
piratory depression, it should be administered only with caution and low dosage to pa- 
tients with respiratory depression (e.g., from other medication, uremia, or severe intec- 
tion), severely limited respiratory reserve, bronchial asthma, obstructive respirctory 
conditions, or cyanosis. 
Impaired renal or hepatic function: Although laboratory tests have not indica-ed 
that Stadol causes or increases renal or hepatic impairment, the drug should be ad- 
ministered with caution to patients with such impairment. Extensive liver disease may 
predispose to greater side effects and greater activity from the usual clinical dose, pos- 
sibly the result of decreased metabolism of the drug oy the liver. 
Biliary surgery: Clinical studies have not been done to establish the safety of Stadol 
administration to patients about to undergo surgery of the biliary tract. 
Usage in pregnancy: The safety of Stadol for use in pregnancy has not been estas- 
lished; therefore, this drug should be used in pregnant patients only when, in the judg- 
ment of the physician, its use is deemed essential to the welfare of the patient. 

Reproduction studies have been performed in rats, mice, and rabbits and have-re- 
vealed no evidence of impaired fertility or harm to the fetus due to Stadol at abowt 2.5 
to 5 times the human dose. 

Usage in labor and delivery: Safety to the mother and fetus following administration 
of Stadol during labor and delivery has not been established. 

Usage in nursing mothers: The use of Stadol is not recommended in nursing mothers 
since it is not known whether this drug is excreted in human milk. 

Pediatric use: Safety and efficacy in children below age 18 years have not been estab- 


ished. 

ADVERSE REACTIONS —The most frequent adverse reactions in 1250 patients treated 

with Stadol are: sedation (503, 40%), nausea (82, 696), clammy/sweating (76, 6%). 
Less frequent reactions are: headache (35, 3%), vertigo (33, 3%), floating feeling 

TY ee} dizziness (23, 2%), lethargy (19, 2%), confusion (15, 1%), lightheadedness 

12, 1%). 

Other adverse reactions which may occur (reported incidence of less than 1%) are: 
CNS effects: nervousness, unusual dreams, agitation, euphoria, hallucinations 
Autonomic effects: flushing and warmth, dry mouth, sensitivity to cold 
Cardiovascular: palpitation, increase or decrease of blood pressure 
Gastrointestinal: vomiting 
Respiratory: slowing of respiration, shallow breathing 
Dermatolegical: rash or hives 
e diplopia or blurred vision 
OVERDOSAGE — Manifestations: Although there have been no experiences of over- 
dosage with Stadol during clinical trials, this may occur due to accidental or intentioac! 
misuse as well as therapeutic use. Based on the pharmacology of Stadol, overdosage 
could produce some degree of respiratory depression and variable cardiovascular and 
central nervous system effects. 
Treatment: The immediate treatment of suspected Stadol overdosage is intravenous 
naloxone. The respiratory and cardiac status of the patient should be evaluated con- 
stantly and appropriate supportive measures instituted, such as oxygen, intravenous 
fluids, vasopressors, and assisted or controlled respiration. 
DOSAGE AND ADMINISTRATION — Adults: Intramuscular— The usual recom- 
mended single dose is 2 mg. This may be repeated every three to four hours, as neces- 
sary. The effective dosage range, depending on the severity of pain, is 1 to 4 mg. re- 
peated every three to four hours. At this time, there is insufficient clinical data to rec- 
ommend single doses beyond 4 mg. 
Intravenous— The usual recommended single dose for intravenous administration is 1 
mg. repeated every three to four hours as necessary. The effective dosage range, de- 
pending on the severity of pain, is 0.5 to 2 mg. repeated every three fo tour hours. 
Children: Since there is no clinical experience in children under 18 years, Stadol is not 
recommended in this age group. 
Storage conditions: When stored at room temperature, the stability of the solution in 
vials is 2 years. 
SUPPLY — Stadol (butorphanol tartrate) Injection for I.M. or I. V. use, 2 mg. per ml., 
2-ml. vial; 1 . per ml., 1-ml. vial; 2 mg. per ml., 1-ml. vial; 2 mg. per ml., 10-ml. 
multi-dose dut 
NDC 0015-5644 —2 mg. per ml., 2-ml. vials 
NDC 0015-5645-— mg. per ml., 1-ml. vials 
NDC 0015-5645—2 mg. per ml., 1-ml. vials 
NDC 0015-5648—2 mg. per ml., 10-ml. multi-dose vials 

For information on package sizes available, refer to the current price schedule. 
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Evaluation of Aggressive Surgery for Carcinoma 
of the Extrahepatic Bile Ducts 


A. EVANDER, M.D., P. FREDLUND, M.D., PH.D., J. HOEVELS, M.D., PH.D., I. HSE, M.D., PH.D., S. BENGMARK, M.D., PH.D. 


The records of 80 consecutive patients with extrahepatic bile 
duct cancer, 45 women and 35 men, median age 70 years 
(33-89 years), were reviewed. The histologic diagnoses 
were adenocarcinoma in 45 patients, 34 cholangiocarcinoma 
and one squamous cell carcinoma. In 34 patients the tumor 
was located to the confluence, the right or left hepatic duct, 
in 16 to the middle and in four to the distal portion of the bile 
duct. In the remaining 26 patients the tumor comprised 
more than one of these locations (mixed location). Twenty- 
seven of the 80 patients (34%) were operated on with 
resection of the tumor. Among patients 70 years of age 
and younger the resectability rate was 57%. In nine patients 
the main surgical procedure was bile duct resection, in 15 
patients bile duct resection and liver lobe resection, in 2 pa- 
tients total pancreatectomy and in one local excision were 
performed. The resection of the tumor was regarded as 
radical in 12 patients and palliative in 15. The mortality 
rate was 11% after resection as compared to 30% in patients 
with nonresectable tumors. The most common postoperative 
complication was insufficiency of the anastomosis which 
occurred in seven patients. Three of these patients required 
reoperation. The median survival time in patients operated 
on with radical resection was 20 months, palliative resec- 
tion 7⁄2 months and in patients with nonresectable tumors 
2'5 months. The quality of life was estimated according 


™ ^to a special schedule and was found to be improved after 


resection as compared to nonresection. Patients operated 
with radical resection spent significantly less of their re- 
maining life at hospital as compared to palliatively resected 
patients or patients with nonresectable tumors. 


HE PROGNOSIS FOR PATIENTS with carcinoma of 

the extrahepatic bile ducts is poor despite the fact 
that these tumors often are small at the time of diagno- 
sis and that they are regarded as slowly growing. In 
most materials the resectability rate is low.?:11:13.16.18 
Modern diagnostic procedures such as arteriography, 
percutaneous transhepatic cholangiography (PTC), 
endoscopic retrograde cholangiopancreatography 
(ERCP), percutaneous transhepatic portography 
(PTP) and percutaneous fine needle aspiration biopsy 
for cytodiagnosis?* ^'^^ have increased the possibili- 
ties for preoperative diagnosis as well as evaluation 
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of resectabili-y of these tumors. A careful preopera- 
tive mapping of the extent of the lesions is necessary 
not only in patients in whom a curative resection is 
planned but aso in patients operated on with palliative 
procedures waich, owing to the very complex anatomy 
of the hepateduodenal ligament, often may become 
rather extensive. 

The results of palliative treatment are only oc- 
casionally satisfactory. Therefore we have favored 
an aggressive attitude against extrahepatic biliary duct 
cancer during the last years. We felt it important to 
review our experiences and try to evaluate factors in- 
fluencing operative mortality and morbidity, long-term 
survival, qua ity of life and utilization of hospital 
resources in the diagnosis and treatment. 


Materials and Methods 


The records were reviewed of all consecutive pa- 
tients with carcinoma of the extrahepatic bile ducts 
admitted to the Department of Surgery, Lund, between 
1969 and 1977 There were 80 patients, 45 women and 
35 men. The median age was 70 years (range 33-89 
years). The age distribution is shown in Figure 1. 

In the present study extrahepatic bile duct cancer 
is defined as lesions arising in the left and right 
hepatic duct cr in the junction between these ducts 
and the commen bile duct; the middle portion of the 
common bile dict; and the distal portion of the common 
bile duct including the intrapancreatic part (Fig. 4). 

A resection was regarded as radical (curative) if the 
surgeon consmdered the operation macroscopically 
radical and if tre pathologist found the tumor resected 
with microscopically free margins and no signs of 
spreading e.g. to lymph nodes. In this paper 
nonradical resections are expressed as palliative 
resections wh Ee the term palliative treatment is used in 
patients with nenresectable tumors. 
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Fic. 1. Age distribution in 80 patients with extrahepatic bile duct 
cancer. Black columns = radical resection; hatched columns = pal- 
liative resection; white columns - palliative treatment. 


The quality of life was retrospectively evaluated 
according to the following score: 1: very bad general 
condition, hospitalized, bed-ridden; 2: bad general con- 
dition, at times hospitalized: 3: fairly good general 
condition, only occasionally hospitalized. not able to 
work; 4: good general condition, no need for hos- 
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Fic. 2. Duration of symptoms prior to diagnosis in 80 patients with 
extrahepatic bile duct cancer. For details see Figure |. 
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pitalization, working at times. The point given to each 
patient reflects the circumstances during at least 7526. 
of remaining life. 


Symptoms 


The most common symptom was jaundice (94%) 
while pain was present in 5496 of the patients and 
weight-loss and fatigue in about 40%. 

In Figure 2 the time interval from onset of symptoms 
to definitive diagnosis is demonstrated. In three pa- 
tients this period was more than half a year. 


Diagnostic Procedures 


In Table 1 the outcome of five different diagnostic 
procedures is shown. PTC was of diagnostic value in 
93% of the investigated patients and in 80% arteriog- 
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FIG. 3. Frequency of diagnostic procedures used in 80 patients with * 
extrahepatic bile duct cancer during three consecutive three-year 
periods. 
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raphy revealed pathological changes in the hepato- 
biliary region and/or pancreas. PTP gave important 
"information in 76% of investigated patients and 
percutaneous cytodiagnosis wag positive in 42%. 

The change in use of different diagnostic pro- 
cedures during the three-year periods from 1969 to 
1977 is shown in Figure 3. In Table 2 the mean values 
of routine laboratory investigations at admittance to 
the hospital are given. 


Anatomic Location of the Tumors 


The extrahepatic biliary system was divided into 
3 areas as suggested by Longmire.'* As shown in 
-Figure 4, 34 (43%) of the tumors were located near 
the confluence of the hepatic ducts. In 16 patients 
(20%) the tumors were found in the middle region of 
- the distal system and in four patients (5%) in the 
distal, intrapancreatic portion of the duct. In 26 pa- 
tients (33%) the tumor location engaged more than 
one of the above described duct portions (mixed 
location). 


Resectability 


In 27 of the 80 patients (34%) tumor resection was 
performed. In Figure 4 the resectability in relation to 
-Jocation of the tumor is demonstrated. As can be seen, 
it was possible to resect 16 of the 34 tumors located 
to the confluence of the hepatic duct while only two 
of 16 tumors in the middle region of the ductal system 
were resected. Three of the four tumors in the distal 
portion of the common duct were resected like 5 out 
- of the 26 tumors with mixed location. 

In Figure 1 the number of patients undergoing 
resection is shown in relation to the total patient 
material. It is obvious that in only two patients older 
than 70 years the tumor was resected. Among pa- 
tients 70 years of age or younger the resectability 
rate was 57%. In Figure 3 the resectability rate is 
correlated to mean duration of symptoms prior to 
diagnosis. All except two patients who underwent 


TABLE |. /mportant Information Given by Preoperative Diagnostic 
Procedures in 80 Patients with Extrahepatic 
Bile Duct Cancer 


Investigation Giving 


Investigated Valuable Information 
Patients 

Investigation No. Number Per Cent 
PTC 60 56 93 
Arteriography 4l 33 80 
PTP 17 13 76 
Percutaneous 

cytodiagnosis 33 14 42 
Liver scan 27 14 52 
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Fic. 4. Location and resectability rate in 80 patients with extra- 
hepatic bile duct cancer. a/b; a = no. of resected patients; b = total 
no. of patients. 


tumor resection had symptoms less than five months 
and the majority of patients had symptoms less than 
three months. 


Surgical Procedures 


Among the 27 patients who later underwent re- 
section of the bile duct tumor 10 underwent an earlier 
laparotomy (eight of which were performed at another 
hospital). In 15 patients no primary operation was 
performed but diagnosis and bile drainage were ob- 
tained by means of PTC (Table 3). The two remain- 
ing patients underwent resection in connection with 


TABLE 2. Routine Laboratory Investigations at 
Admittance to the Hospital 


Number 
Normal of Patients 
Mean Values with Normal 
Values (Range) Values 
Hemoglobin g/l 129 131-163 40/80 
Leucocytes n/l 9.1 x 10°  4.0-10.0 54/70 
Sedimentation rate mm 47 2-15 6/74 
S-Bil „mol/l 171 3-20 2/80 
S-ALP i katl 30 0.8—4.6 3/78 
S-ASAT p kat/l 2.297 «0.67 7/78 
S-ALAT pkatl 2.81 «0.67 8/78 
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TABLE 3. Primary Procedures in 25 Patients Later Operated On 
with Resection of the Bile Duct Tumor 
——— c —Hec— DEREN 
Number 
Procedure of Patients 
GPs lim n cd LEM anes es ee 
Exploratory laparotomy 
Exploratory laparotomy + cholecystectomy 
Exploratory laparotomy + T-tube 
Cholecystojejunostomy 
PTC + nonsurgical bile duct drainage 
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their first operation without previous bile drainage 
procedures. 

The main surgical procedures used on the 27 patients 
are summarized in Table 4. 

As shown in Table 5 an operative biliodigestive 
anastomosis was performed in only three of the 53 
patients with nonresectable tumors. In six patients 
a T-tube was inserted and in eight patients an opera- 
tive endoprosthesis was inserted. Thirteen of the pa- 
tients never underwent any exploration and in ten of 
these a permanent PTC-drainage was used for pallia- 
tion. Another 12 patients underwent an exploratory 
laparotomy followed later on by introduction of a 
PTC-catheter for bile drainage. 


Postoperative Complications and Hospital Mortality 


Postoperative complications are described only for 
patients undergoing resection of their bile duct tumors. 
As shown in Table 6 anastomotic insufficiency and 
bile leaks were the most common complications with 
a frequency of 26%. [n most patients, however, the 
insufficiency healed spontaneously. 

Five of the 27 patients in whom a resection was 
performed underwent a reoperation due to postopera- 
tive complications as shown in Table 7. This table 


TABLE 4. Surgical Procedures in 27 Patients Operated On 
with Resection of Bile Duct Tumors 





Radical Palliative 
Surgical Procedures Resection Resection Total 
leet a a 
Bile duct resection 


+ hepaticojejunostomy 3 4 7 
Bile duct resection 

* hepaticocholedochostomy 2 2 
Resectien of the left liver lobe 

and left hepatic duct l 2 3 
Resection of the left liver lobe 

* hepaticocholedochostomy 2 2 4 


Resection of the left liver lobe 

* hepaticojejunostomy l l 
Resection of the right liver lobe 

+ hepaticocholedochostomy 2 4 6 
Resection of the right liver lobe 

+ hepaticojejunostomy l l 
Total pancreatectomy 2 2 
Local excision l l 
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TABLE 5. Main Palliative Procedures in 53 Patients with 
Nonresectable Bile Duct Tumors 
S 

Number 
Procedure of Patients 

—— ————————————Á"——Á 

No treatment 

Exploratory laparotomy 

Choledochoduodenostomy 

Hepaticojejunostomy 

Hepaticogastrostomy 

Cholecystostomy 

Peroperative endoprosthesis 

External bile duct drainage — T-tube 

External bile duct drainage — PTC 


N 





also includes five patients later reoperated, four due 
to recurrence and one as a second look. Another 
three patients were later operated on due to stricture 
of the anastomosis. 

In Table 8 hospital mortality defined as death within 
30 days after the operation or palliative bile-drainage 
procedure is shown. 


Pathologic Features 


In all the 80 patients included in the study a his- 
topathologic diagnosis was obtained. In 45 patients the 
diagnosis was adenocarcinoma, in 34 cholangiocar- 
cinoma and in one squamous cell carcinoma. 


Survival 


In Figure 5 the survival rate in the different patient 
groups is shown. In patients who underwent tumor 
resection survival rate after 6 months averaged 65% 


irrespective if the resection was regarded as radical ^ 


or not. In the palliatively treated group, however, the 
survival rate at this time was only 21%. After one 
year the survival rate in the radically resected group 
was 57%, in the palliatively resected group 30% and 
among nonresected patients 8%. After two years the 
survival rate of the radically resected group was 


TABLE 6. Postoperative Complications in Patients Operated On 
with Resection of Bile Duct Tumors as Described in Table 4 





Radical Palliative 
Resection Resection 
Complication (n = 12) (n = 15) Total 


ee ee DINE € i MCA 
Wound infection l l 
Wound rupture l l 
Intra-abdominal bleeding l l 2 


Anastomosis insufficiency 

(transitory bile-leakage) 5 2 7 
Intra-abdominal abscess 2 l 3 
Sepsis l l 
Pancreatitis I ] 
Trombosis of the portal vein l 1 
Anastomosis stricture 2 l 3 
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TABLE 7. Causes of Reoperations in Patients Operated On 
with Resection of Bile Duct Tumors 





me Radical Palliative 
Resection Resection 
Cause of Reoperation (n = 12) (n = 15) 


Intra-abdominal abscess l 

Anastomosis insufficiency 2 | 
Intra-abdominal bleeding | 
Second look 
Recurrence 
Anastomosis stricture 


M N — 
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40%. The follow-up time for resected patients was 31 
months and in the radically resected group the sur- 
vival at that time was 33% as compared to 14% for 
those palliatively resected. Of interest is the observa- 
tion that among the 53 nonresected patients one lived 
"for 36 months. 


Evaluation of the Quality of Life and Utilization 
of Hospital Resources 


The quality of life was retrospectively evaluated 
according to a special schedule as previously de- 
scribed. In Table 9 is shown that the quality of life 
was improved among patients undergoing resection 
as compared to those only palliatively treated. Another 
way to evaluate the quality of life is also shown in 
Table 9. Patients radically resected did spend 26% of 
their remaining life at hospital as compared to 43% 


FiG. 5. Survival time in 80 - 
patients with extrahepatic EN 
bile duct cancer. —— = rad- > 
ically resected; - — — = pal- = 

Qo 


liatively resected; --—-— 
= palliatively treated. 
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TABLE 8. Hospital Mortality Expressed as Death Within One Month 
After the Operation or Palliative Bile-drainage Procedure 


Procedure Per Cent 
Radical resection 1/12 8 11% 
Palliative resection 2/15 13 . 
Palliative treatment 16/53 30 


for those palliatively resected and 97% for those 
palliatively treated. 


Discussion 


Surgery is the only way to offer patients with 
extrahepatic biliary cancer cure. In most published 
materials the resectability rate hitherto has been 
low.'%8 18-1618 I ocal invasion of the hepatic artery 
and portal vein and the presence of distal metastases 
exclude radical surgery. Such invasion of vessels of 
the hepatoduodenal ligament may be difficult to prove 
during operation even after extensive dissection. 
Therefore the key to surgical treatment is early and 
accurate preoperative anatomical diagnosis. PTC is 
most useful to elucidate the probable nature and loca- 
tion of the lesion and, especially, to define the tumor 
extension witain the intrahepatic bile ducts. In many 
patients the obstruction is possible to pass with the 
catheter thus visualizing also the portion of the duct 
distal to the obstruction, furthermore making pos- 
sible a combined external and internal bile drain- 
age."? The distal portion of the duct may, however, 
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TABLE 9. Evaluation of the Quality of Life i» 80 Patients 
with Bile Duct Carcinoma 
—————— — CO—— NE 
Per Cent 
of Remaining Life 
Spent at Hospital 





Mean Mean 

Median - SEM Median + SEM 
Radical resection 3 2.15 3: 0.39 26 47 + 12 
Palliative resection 3 2.46 + 0.27 43 5S2 16 
Palliative treatment l 1.83 + 0.15 97 80+ 4 





also be envisaged by use of ERC which was not 
routinely used during the period when this material 
was collected. Angiography is effective in demon- 
strating tumor invasion of the hepatic vessels and 
may give information on the external boundaries of 
the tumor. Furthermore it is essential for visualization 
of the vascular anatomy when resection is planned, 
especially if liver resection is necessary for radical 
removal. Arteriography like liver scanning seems in 
combination with percutaneous fine needle aspiration 
biopsy to be a supplementary diagnostic procedure 
to disclose metastases to the liver. We have found 
PTP to be useful in the careful selection o? candidates 
for radical surgery of bile duct tumors by pointing 
to invasion of the portal vein and its main branches 
by the tumor.'! In the near future it wil! be obvious 
if ultrasound and CT-scanning also will contribute to 
the preoperative evaluation of bile duct tumors. 

It is often stated that histological or cytological 
diagnosis is difficult to obtain even during operation 
in patients with bile duct tumors. Contrary to most 
writers like Longmire et al.'* we, however. have made 
a policy to require a histologic or cytologic verifica- 
tion of the malignant disease before resection is per- 
formed. In many patients the cytologic diagnosis can 
be established preoperatively. In the present series 
42% of the patients got a preoperative cytologic 
verification of the diagnosis. In a previous study our 
corresponding figures were 5346.7 

Although it is our opinion that a careful preoperative 
evaluation of tumor extension and a thorough plan- 
ning of radical surgery will increase the resectability 
rate we fear that even in the future most patients will 
require palliative procedures. The natural history of 
bile duct tumors is generally described as that of a 
slow-growing tumor which usually remains localized 
to the hilum of the liver. Death is generally ascribed 
to hepatic failure secondary to prolonged biliary ob- 
struction and cholangitis. Although in the present 
study 40 of 53 palliatively treated patiemts under- 
went some kind of biliary drainage the median sur- 
vival time was only 2% months. Thus even if the 
biological activity of the tumor is low in some patients 
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the prognosis for the majority of patients is extremely 
bad. It is, however, impossible to anticipate the bio- 
logical activity of the tumor. Therefore palliation with r 
biliary decompression should be offered to patients with 
nonresectable tumors. In the present material 22 of the 
53 patients palliatively treated were decompressed by 
means of the PTC-technique and the catheter— pro- 
vided with side holes— generally passed through the 
tumor into the duodenum creating an internal bile 
drainage.? The catheter was possible to irrigate several 
times daily and also to replace if required. The main 
disadvantage of the permanent PTC-drainage is the 
risk of dislodgement. The U-tube, introduced by 
Terblanche," has not yet been used by us. It seems, 
however, as if this procedure offers very good palliation 
and results hitherto reported are promising.?^'? The 
U-tube has the same advantages as the permanent 
PTC-drainage in possibilities of irrigation and replace- 
ment but furthermore there is almost no risk for dis- 
location of the catheter. Surgical biliary—digestive 
anastomoses are not very often possible to establish 
in patients with nonresectable extrahepatic bile duct 
cancer. In the present series such procedures were 
done in only three of the 53 palliatively treated 
patients. In eight patients, however, we used trans- 
hepatic endoprosthesis (J-tube) introduced peropera- 
tively. The advantages and disadvantages of this pro- 
cedure coincides with those of the permanent PTC- 
drainage. Recently we in a series of patients with 
malignant obstructions of the biliary duct have used a 
nonoperatively introduced endoprosthesis by using the 
PTC-technique. Burchardt reported very promising re- 
sults with a similar method.? Our experiences hitherto. 
however, indicate that serious complications such as 
hemobilia, severe cholangitis and dislodgement of the 
prosthesis may be rather frequent.!^ 

When the tumor is resectable and localized to 
the common hepatic duct, this duct and the common 
bile duct along with the gallbladder are removed and 
a duct—enteric anastomosis performed. If it is localized 
to the confluence a hepatic lobectomy with hepatico- 
jejunostomy or hepaticocholedochostomy should be 
chosen. In contrast to Longmire and others'* we have 
tried to restore the continuity of the bile ducts by 
hepaticocholedochostomy whenever possible and we 
think that this may be preferable in many instances 
with less risk for cholangitis. Tumors in the distal part 
of the bile duct are generally treated with a Whipple 
procedure. At the surgical department in Lund total 
pancreatectomy is the routine method in pancreatic 
cancer." As it mostly is impossible to definitely 
differentiate cancer of the pancreatic head from intra- 


pancreatic bile duct cancer during operation total " 


pancreatectomy was performed in two patients with 
such cancer in the present series. Although some 
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main surgical principles (as outlined above) are neces- 
sary the procedures used in radical surgery of bile 
«duct tumors must be individually designed in every 
single case. In this context it is important once again 
to stress the value of a careful preoperative mapping 
of the extent of the tumor by means of PTC and 
ERCP. 

In order to investigate if surgical resection of bile 
duct tumors is meaningful, of course a prospective 
randomized study would be necessary. Such studies 
are, however, probably not possible to conduct. In the 
present study an attempt was made to compare radical 
resection, palliative resection and palliative treatment 
(nonresection). Although the groups were not fully 
comparable the results suggested that radical resection 
resulted in prolonged survival and also improved 
quality of life although it must be taken into con- 
sideration that the radically resected tumors probably 
were less advanced. These findings are in conformity 
with those of Black et al.? and Akwari et al.' Our findings 
furthermore show that extensive bile duct resections 
with or without liver resections can be done with a 
reasonable hospital mortality. 
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Postoperative T-tube Cholangiography 


Is Antibiotic Coverage Necessary? 


HENRY A. PITT, M.D., RUSSELL G. POSTIER, M.D., JOHN L. CAMERON, M.D. 


One hundred patients undergoing postoperative cholangi- 
ography had blood cultures drawn prior to and 15 minutes 
and six hours after cholangiography. Bile cuitures obtained 
prior to cholangiography grew organisms in 92 of 100 patients 
with E. coli, Klebsiella pneumoniae and enterococcus being 
the bacteria most frequently isolated. Anaerobes were iso- 
lated from the bile in 21% of the patients. Nine of 83 pa- 
tients (11%) not receiving antibiotics developed a bacteremia 
after cholangiography with organisms identical to those in 
the bile. All nine patients recovered without further com- 
plications of cholangiography. Those who developed a bac- 
termia could not be distinguished from the greup as a whole 
on the basis of age, sex, laboratory data, type of surgery or 
cholangiographic findings. None of the eight patients with 
negative bile cultures and none of 17 patients on antibiotics 
at the time of cholangiography experienced a bacteremia. 
Ninety to 93% of 304 organisms isolated from the bile were 
sensitive to a combination of a penicillin and an amino- 
glycocide. Most patients undergoing postoperative tube 
cholangiography do not develop a bacteremia and do not 
require antibiotics. Only patients with positive bile cultures 
who might tolerate a bacteremia poorly, and those who are 
febrile from cholangitis immediately prior to chelangiography 
should be covered with a short course of systemic antibiotics. 


OSTOPERATIVE T-TUBE cholangiography is routinely 
P performed about one week after biliary tract sur- 
gery. This procedure is not infrequentiv followed 
by fever and chills and occasionally by sepsis. For this 
reason some surgeons routinely administer intravenous 
antibiotics prior to cholangiography. Although the 
incidence of cholangitis after liver biopsy,'^ trans- 
hepatic cholangiography,*!” and endoscopic retrograde 
cholangiography?~*"!!-2° is well documented, the inci- 
dence of cholangitis after postoperative cholangiog- 
raphy has not been well defined. Therefore, there 
is not adequate information available to determine 
whether routine antibiotic coverage following post- 
operative cholangiography is necessary. The present 
Study was performed to document the incidence of 
bacteremia following postoperative cholangiography 
and to determine if there is a group of patients at 
high risk of developing septic complications. 
AEE 
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From The Department of Surgery, The Johns Hopkins 
Medical Institutions, Baltimore, Maryland 


Se ee 
Materials and Methods 


During a 22 month period from 1976 to 1978, one 
hundred patients undergoing postoperative tube chol- 
angiography at The Johns Hopkins Hospital were 
Studied. Fifty-four of the patients were females and 
46 were males. Ages ranged from 18 years to 92 years 
and averaged 53 years. In 67 of the patients the 
cholangiogram was performed through a T-tube that 
had been inserted following common duct exploration. 
In 33 of the patients the cholangiogram was per- 
formed through a transhepatic tube that had been in- 
serted during the repair of a benign or malignant 
biliary stricture. Fifty-six patients had undergone sur- 
gery for choledocholithiasis, 19 for benign biliary 
tract strictures, and 18 had been operated upon for 
malignant strictures. Three patients had a T-tube in- 
serted at the time of surgery for chronic pancreatitis, 
three T-tubes were inserted for trauma, and one T-tube 
was inserted at the time of resection of a duodenal 
diverticulum. At the time of their cholangiogram 83 
of the 100 patients received no antibiotics, while 17 
patients were being treated with antibiotics for infec- 
tions or persistent fever. 

Bile cultures were taken from the transhepatic or 
T-tube the evening prior to cholangiography. Three 
milliliters of bile were aspirated directly from the tube 
after appropriate cleaning with a providone- iodine 
solution. The syringe was immediately capped, and the 
bile was subsequently cultured for both aerobes and 
anaerobes. A blood culture was also obtained the 
evening prior to cholangiography at the same time as 
the bile culture. Blood cultures were then drawn the 
following day 15 minutes and six hours after com- 
pletion of cholangiography and whenever a patient 
had a chill or a fever after cholangiography. Prior to 
obtaining the blood culture, the patient's skin was 
prepped with a providone-iodine solution. Approxi- 
mately 10 ml of venous blood were drawn into a 
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sterile syringe. The needle was then changed, and the 
blood distributed evenly into two culture bottles, one 
containing Columbia Broth and the other containing 
Trypticase Soy Broth (Baltimore Biological Labora- 
tories, Baltimore, Maryland). A complete blood count, 
prothrombin time, serum amylase, bilirubin, alkaline 
phosphatase, serum glutamic-oxaloacetic transaminase 
(SGOT), and serum glutamic-pyruvic transaminase 
(SGPT) were drawn the morning of and the morning 
after the cholangiogram. 


Results 


Bile cultures obtained the evening prior to chol- 
angiography grew organisms in 92 of the 100 patients 
(Table 1). Bacteria were present in the bile in 88% of 
the 67 patients with a T-tube and in all of the 33 pa- 
tients with a transhepatic tube. There was an average 
of three organisms cultured per patient, with as many 
as seven organisms being cultured from the bile of an 
individual patient. Ninety per cent of the organisms 
cultured were aerobes with gram negative organisms 
being more than twice as common as gram positive 
organisms. Escherichia coli and Klebsiella pneu- 
moniae were the most commonly cultured gram nega- 
tive organisms, and one or the other or both were 
present in 61 of the 100 patients with transhepatic 
or T-tubes. Enterococcus was the gram positive 
organism cultured most frequently, being present in the 
bile of 48 patients. Ten percent of the bacteria cul- 
tured were anaerobes. Bacteroides species were the 
most commonly isolated anaerobes accounting for 
ls approximately 5% of the organisms retrieved from 

the bile. Yeast was also isolated from 10% of the 
patients. 

Nine patients had positive blood cultures following 
cholangiography, and in each of these patients the 
organism cultured from the blood was identical to that 
obtained from the previously cultured bile. In seven 
instances the positive culture was obtained from the 
blood sample drawn 15 minutes after the cholangio- 
gram. In two of these patients the bacteremia per- 
sisted at six hours while in two patients positive 
blood cultures were obtained only at six hours after 
cholangiography. E. coli was isolated from the blood 
in three patients, Klebsiella pneumoniae in one patient, 
and one patient had both E. coli and Klebsiella 
pneumoniae cultured. The remaining patient having a 
gram negative aerobic bacteremia grew Alcaligenes 
from the blood. Two patients had gram positive 
aerobic bacteremias. In one patient enterococcus was 
the organism and in the other St. viridans was cultured 


v from the blood. Only one patient had an anaerobic 


bacteremia, and this was due to Bacteroides fragilis. 
Six of the nine patients developing a bacteremia 
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TABLE 1. Bile Cultures in 100 Patients 


Culture Number 
Aerobic Gram Negative 191 
E. coli 55 
Klebs. pneum. 49 
Pseudomonas sp. 29 
Proteus sp. 19 
Enterobacter sp. 16 
Others 23 
Aerobic Gram Positive 85 
Enterococcus 48 
Staphylococcus sp. 23 
Streptococcus sp. 11 
Others 3 
Anaerobes 28 
Bacteroides sp. 14 
Clostridia sp. 4 
Eikonella corr. 3 
Others 7 
Yeast 10 


spiked a new temperature greater than 38.3 C; seven 
had a shaking chill; and one became transiently 
hypotensive after cholangiography. Two patients ex- 
periencing bacteremias remained asymptomatic. The 
organisms cultured from these two patients were St. 
viridans and Bacteroides fragilis. These two patients 
and one patient with E. coli bacteremia were not 
treated with antibiotics. The remaining six patients 
were treated with intravenous antibiotics, and all nine 
patients rapidly improved without further complica- 
tions of cholangiography. 

Two additional patients who were febrile the evening 
prior to cholangiography had positive blood cultures 
obtained from the blood drawn the evening prior to 
cholangiography. The organisms obtained from the 
blood were also present in their bile (E. coli and 
Serratia marscesens). One of these patients was treated 
with antibiotics prior to cholangiography, and neither 
experienced a postcholangiography bacteremia. An 
additional five patients had positive blood cultures 
(three precholangiography and two postcholangiog- 
raphy) with organisms that were not present in the 
bile and were felt to be contaminants. Three of these 
patients grew S. epidermidis, one grew S. aureus, 
and one grew diptheroids from the blood. None of these 
patients were febrile or had a shaking chill at the time 
of these positive cultures. 

Several parameters were analyzed to determine if 
the nine patients who developed a bacteremia differed 
from the 92 patients who underwent cholangiography 
without developing a bacteremia. There were no statis- 
tically significant differences between the two groups 
in terms of age, sex, or pre- or postcholangiogram 
laboratory data (Table 2). There were also no statis- 
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TABLE 2. Risk Factors in 100 Patienis 





Per Cent Per Cent 
Bacteremia (9) Others (91) 
————————— X CEPR QN 


Age 
60 33 42 
70 l 1 23 
Sex 
Male 33 47 
Female 67 53 
Laboratory Findings 
Hct. < 30 33 I 
WBC > 10,000 33 40 
Protime < 85% 44 58 
Bilirubin > 1.5 mg/dl 33 4] 
Alk. P'tase > 100 (32)* 33 42 
SGOT > 100 (19)* 0 5 
SGPT > 100 (19)* 11 7 
Amylase > 160 (160)* 25 18 
Surgery 
stones 55 56 
tumor 44 15 
Stricture 0 21 


Cholangiogram 


Abnormal 77 56 
retained stone 33 25 
stricture 33 15 
bile leak 11 20 





* Upper limit of normal value. 


tically significant differences between those who 
developed postcholangiogram bacteremia and those 
who did not in terms of type of surgery, or cholangio- 
gram findings. Seven of the nine patients with a bac- 
teremia had either a retained stone, narrowed ducts, 
obstruction, or a bile leak. However, 51 of the 91 pa- 
tients who did not develop a bactermia also had one 
of these abnormalities noted on their cholangiograms. 
None of the eight patients with negative precholangio- 
gram bile cultures developed a bacteremia compared to 
nine of the 92 with positive bile cultures. None of the 
17 patients who were on antibiotics at the time of their 
cholangiography developed a bacteremia compared to 
nine of the 83 patients who were not covered with 
systemic antibiotics. 

Thirteen patients had a temperature greater than 
37.8 C during the 24 hour period prior to cholangiog- 
raphy. None of these patients developed a bacteremia, 
but nine of the 13 patients were on antibiotics at the 
time of their cholangiogram. Fourteen patients devel- 
oped a new temperature greater than 37.8 C after 
cholangiography, and ten of these patients had a fever 
greater than 38.3 C. Six of these 14 patients were 
among the nine who developed a bacteremia (all had 
fevers over 38.3 C). Eight of the patients who devel- 
oped a new fever after cholangiography did not have a 
bacteremia documented. 
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Antibiotic sensitivities were determined on all 
organisms cultured from the bile and blood. Ninety- 
six per cent of the aerobic gram negative rods cultured 
were sensitive to gentamicin, and 94% were sensitive 
to tobramycin (Table 3). Sixty per cent were sensitive 
to cephalothin and only 31% were sensitive to ampi- 
cillin. Among the gram positive aerobes, 9496 were 
sensitive to ampicillin, and 9296 were sensitive to 
penicillin. When the synergistic action of a penicillin 
and an aminoglycocide against enterococcus was taken 
into consideration, it was found that a combination 
of penicillin or ampicillin with gentamicin or tobra- 
mycin covered 90—9346 of the 304 organisms isolated 
(Table 4). The combination of penicillin and chloram- 
phenicol covered only 77% of the organisms isolated 
while chloramphenicol, cephalothin, tetracycline, or 
ampicillin used as single agents were even less effective. 


Discussion 


The clinical symptoms of chills and fever associated 
with cholangitis are due to a systemic bacteremia 
caused by cholangiovenous or cholangiolymphatic 
reflux of bacteria. As early as 1947 Mixer and his 
associates'? demonstrated in animals that particles the 
size of bacteria could be transfered to the blood stream 
during cholangiography. They observed that biliary 
pressures in the range of 20 cm of water were necessary 
to initiate reflux from the biliary system into the blood 
stream. In 1953 Edlund and Hazon? demonstrated a 
direct communication between terminal bile duct 
cannaliculi and liver sinusoids by fluorescent micro- 
scopic studies. Further support for the direct anatomic 
communication between biliary cannaliculi and liver 
sinusoids came in 1962 when Hultborn and his associ- 
ates" demonstrated reflux of radioactive labeled saline, 
dye, albumin, and gold when these substances were 
injected into an obstructed common bile duct of an 


TABLE 3. Antibiotic Sensitivities of 304 Biliary Bacteria 
pr 
Per Cent Sensitive 





Aerobic Aerobic 

Antibiotic Gram Neg. Gram Pos. Anaerobes 
FRE. Gm D co NÉ 
Gentamicin 96 " e 
Tobramycin 94 * * 
Kanamycin 76 " " 
Chloramphenicol 64 86 100 
Tetracycline 63 47 60 
Cephalothin 60 88 40 
Ampicillin 31 94 * 
Penicillin : 92 50 
Clindamycin * 5] 100 
Erythromycin d 62 40 
Methicillin " 9] " 


/ —————————— — PH 
* Sensitivity not tested. 
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experimental animal. In that same year Jacobsson 
- et al.?* demonstrated that radioactive labeled bacteria 
refluxed into the blood stream at pressures that were 
only slightly higher than the secretory pressure of the 
liver (15 cm of water). In 1969 Huang, Bass, and 
Williams? demonstrated that when biliary pressures 
were raised above 20 cm of watet in dogs, organisms 
appeared rapidly in both the blood and lymph. The 
concentrations of bacteria in both of these systems 
were directly proportional to the bile duct pressure. 
In 1967 Flemma and his colleagues? demonstrated that 
the presence of bacteria in the bile even in concen- 
trations greater than 10? organisms per milliliter is not 
sufficient to produce cholangitis without an increase 
in intraductal pressure. Even though T-tube cholangi- 
ography is carefully performed with gravity introduction 
of contrast media, an increase in intraductal pressure 
may occur which results in a bacteremia with fever 
and chills. As early as 1946 Martensson'? reported two 
cases of fatal cholangitis following intraoperative cystic 
duct cholangiography. Bacteremia following trans- 
hepatic cholangiography has been well documented. 
In a series of 75 patients undergoing transhepatic 
cholangiography with no antibiotic coverage, Flemma 
and his colleagues? reported five cases of bacteremia 
(a 796 incidence of cholangitis). In a more recert 
series by Okuda and associates," there was a 4% in- 
cidence of cholangitis among 315 patients undergoing 
transhepatic cholangiography with antibiotic coverage. 
Keighley and associates’ have reported a case of fatal 
endotoxic shock following transhepatic cholangiographv. 
Cholangitis has also been well documented after 
endoscopic retrograde cholangiography. In 1975 a re- 
port from this institution documented a 5% incidence 
of cholangitis following endoscopic retrograde chol- 
angiography among 75 consecutive patients undergoing 
this procedure.* Fatal septicemia has also been re- 
ported after endoscopic retrograde cholangiography 9y 
Thurnherr and associates.'? In a collected series of 
over 10,000 patients, Bilbao et al.? reported only a 
0.896 incidence of cholangitis. Other large series by 
Cotton? and by Zimmon et al.” confirmed a 1% in- 
cidence of cholangitis. Zimmon and his colleagues?? 
pointed out that cholangitis occurred in 5% of patients 
with an obstructed biliary tree but was not seen in those 
patients with a normal biliary tree. Kasagai and asso- 
ciates!! performed endoscopic retrograde cholangiog- 
raphy on 405 patients who were covered with systemic 
antibiotics with only a 0.796 incidence of cholangitis. 
When these authors added thiamphenicol aminoace-:ate 
HCL (Neomycon G) to the contrast media, they ex- 
perienced no cholangitis among 252 patients who were 
also covered with systemic antibiotics. LeFrock and 
associates'* have documented a 13% incidence of 
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TABLE 4. Awetibiotic Sensitivities of 304 Biliary Bacteria 


€ ——— —————— M M 





Per Cent 

Antibiotic Sensitive 
Penicillin— Gentamicin 93 
Ampicillin — Gentamicin 91 
Penicillm— Tobramycin 91 
Ampicilla — Tobramycin 90 
Penicill. r — Chloramphenicol 77 
Chloram»henicol 73 
Cephalo^hin 66 
Tetracycline 59 
Ampicilkn 49 


E À—— ——— — M —— — 


transient bacteremia after percutaneous liver biopsy. 
Because of the moderate incidence and potential 
lethality of zacteremia after these procedures, several 
authors have advocated the routine use of systemic 
antibiotics. 

While much has been written about the incidence of 
cholangitis zfter liver biopsy, transhepatic and endo- 
scopic retrograde cholangiography, very little has been 
published documenting the incidence of cholangitis 
following pcstoperative tube cholangiography. In 1960 
Jacobsson™ reported a 5% incidence of febrile re- 
actions amcng 120 patients having postoperative tube 
cholangiograms. However, in 1969 Bardenheier and 
associates! did not report any cases of cholangitis 
among 145 patients undergoing postoperative tube 
cholangiography. In 1974 Keighley and associates" 
documented five cases of bacteremia after T-tube 
cholangiography among 150 consecutive patients re- 
quiring biliary tract surgery. 

The present study documents a 946 incidence of 
bacteremia amon£g 100 patients undergoing postopera- 
tive tube cholangiography. While seven of the patients 
experienced shaking chills and one became transiently 
hypotensive, each of these patients improved rapidly 
with mininsal supportive measures and experienced no 
further complication of cholangiography. Age, sex, 
precholangiogram laboratory values, type of surgery, 
and abncrmal cholangiographic findings did not cor- 
relate with the subsequent development of cholangitis. 
Although the presence of fever prior to cholangiog- 
raphy was not associated with postcholangiography 
bacteremia, most of the patients who were febrile 
prior to cholangiography were being covered with 
systemic antibiotics. A new fever of greater than 38.3 C 
after chclangiography did correlate positively with the 
developirent of a bacteremia, but eight patients devel- 
oped a new fever greater than 37.7 C after cholangiog- 
raphy without experiencing a bacteremia. None of the 
eight patients with negative precholangiogram bile 
cultures experienced a postcholangiogram fever or 
bacteremia. Seventeen patients were on antibiotics at 
the time of cholangiography, and none developed a 
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bacteremia. This is in contrast to the 83 patients not 
on antibiotics who experienced an incidence of chol- 
angitis of 11% (nine patients). 

Ninety-two of the 100 patients undergoing post- 
operative cholangiography grew bacteria from the bile, 
and 78 of these patients had more than one organism 
cultured. The presence of a tube within t^e biliary tree 
promotes colonization because of the presence of a 
foreign body, partial obstruction, and potential en- 
vironmental contamination. Since the bile is routinely 
contaminated at the time of postoperative tube chol- 
angiography, extreme care should be taken to avoid 
increasing the intraductal biliary pressure during intro- 
duction of contrast media. The insertion of a monom- 
eter into the system during injection so that intraductal 
pressures can be continuously monitored and kept 
below 15 cm of water is one potential means of avoiding 
cholangitis in these patients. The addition of anti- 
biotics to the contrast media may be another method 
of avoiding cholangitis. However, this technique has 
not been adequately investigated. 

Most patients undergoing postoperative cholangiog- 
raphy do not develop a bacteremia, have no symptoms, 
and do not require antibiotics. In addition, the nine 
patients in this study who developed cholangitis all 
tolerated the bacteremia reasonably well. We, there- 
fore, recommend that only patients with positive bile 
cultures who are debilitated or have associated sys- 
temic diseases and might therefore tolerate a bac- 
teremia poorly should be covered with a shortterm 
course of systemic antibiotics. Nine of 13 patients 
febrile prior to cholangiography were receiving sys- 
temic antibiotics at the time of cholangiography and 
none of these patients nor eight other patients on 
antibiotics developed a bacteremia. This suggests that 
systemic antibiotic therapy is protective against the 
development of a bacteremia and should eliminate the 
threat of cholangitis. 

Antibiotics should be chosen on the basis of prior 
bile cultures with the appropriate antibiotic or anti- 
biotics with the least potential for toxity being chosen. 
While there is some theoretical advantage to chosing 
antibiotics that achieve high biliary levels, it is probably 
more important to have the timing of administration 
appropriate to achieve blood levels at the time of 
cholangiography. The avoidance of a bacteremia rather 
than sterilization of the bile is the goal. When sensi- 
tivities are not available, a combination of a penicillin 
with an aminoglycocide provides coverage against 90— 
93% of biliary organisms. Bacteroides frcgilis was 
cultured from the bile in 1496 of the patients, and in 
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recent years this organism has been increasingly iso- 
lated from patients with multiple liver abscesses of 
biliary origin.'* In addition, Bacteroides fragilis ac- 
counted for one of nine bacteremias in this study. 
Therefore, in selected patients with Bacteroides fragilis 
present in the bile, consideration should be given to 
providing additional anaerobic antibiotic coverage. 


References 


l. Bardenheier, JA, Kaminski DL, Willman VL et al. Ten year 
experience with direct cholangiography. Am J Surg 1969; 
118:900. 

2. Bilbao MK, Dotter CT, Lee TG, et al. Complications of 
endoscopic retrograde cholangiopancreatography (ERCP): 
A study of 10,000 cases. Gastroentology 1976; 70:314. 

3. Cotton PB. Cannulation of the papilla of Vater by endoscopic 
retrograde cholangiopancreatography (ERCP). Gut 1972: 13: 
1014. 

4. Davis JL, Milligan FD, Cameron JL. Septic complications 
following endoscopic retrograde cholangiopancreatography. 
Surg Gynecol Obstet 1975; 140:365. 

5. Edlund Y, Hazon V. Demonstration of the close relationship 
between bile capillaries and sinusoid walls. Acta Anat 1953: 
17:105. 

6. Flemma RJ, Flint LM, Osterhout S et al. Bacteriologic studies 
of biliary tract infection. Ann Surg 1967; 166:563. 

7. Huang T, Bass JA, Williams RD. The significance of biliary 
pressures in cholangitis. Arch Surg 1969: 98:629. 

8. Hultborn A, Jacobsson B, Rosengren B. Cholangiovenous 
reflux during cholangiography. Acta Chir Scand 1962: 123:111. 

9. Jacobsson B, Kjellander J, Rosengren B. Cholangiovenous 
reflux. Acta Chir Scand 1962; 123:316. 

10. Jacobsson B. Diskinlagg till O. Huttén: Uppsalametoden fór 
cholangiografi under operation. Nord Med 1960: 63:196. 

11. Kasagai T, Kuna N, Kizu M. Manometric endoscopic retro- 
grade pancreatocholangiography. Am J Dig Dis 1974; 19:485. 

12. Keighley MRB, Lister DM, Jacobs SI et al. Hazards of surgical 
treatment due to microorganisms in the bile. Surgery 1974; 
75:578. 


13. Keighley MRB, Wilson G, Kelly JP. Fatal endotoxic shock of. - 


biliary tract origin complicating transhepatic cholangiography. 
Br Med J 1973; 3:147. 

14. LeFrock JL, Ellis CA, Tarchik JB et al. Transient bacteremia 
associated with percutaneous liver biopsy. J Infect Dis 1975: 
131 Suppl. S.:104. 

15. Mixer HW, Rigler LG, Gonzales-Oddone MV. Experimental 
studies on biliary regurgitation during cholangiography. 
Gastroenterlogy 1947; 9:64. 

16. Martensson K. Grave ascending cholangitis following chol- 
angiography carried out through the cystic duct infected 
with E. coli. Acta Chir Scand 1946; 94:1. 

17. Okuda K, Tanikawa K, Emara T et al. Nonsurgical percutaneous 
transhepatic cholangiography — diagnostic significance in 
medical problems of the liver. Am J Dig Dis 1974; 19:21. 

I8. Pitt HA, Zuidema GD. Factors influencing mortality in the treat- 
ment of pyogenic hepatic abscess. Surg Gynecol Obstet 1975; 
140:228. 

19. Thurnherr N, Brühlmann WF, Krejs GI et al. Fulminant 
cholangitis and septicemia after endoscopic retrograde chol- 
angiography (ERC) in two patients with obstructive jaundice. 
Dig Dis 1976; 21:477. 

20. Zimmon DS, Fulkenstein DG, Riccobono C et al. Complications 
of endoscopic retrograde cholangiopancreatography: Analy- 
sis of 300 consecutive cases. Gastroenterology 1975; 69:303. 


Role of Gastrin in Vagally-stimulated Pancreatic Secretion 


SERGIO GUZMAN, M.D.,* JANOS LONOVICS, M.D.,t KELLY E. HEJTMANCIK, PH.D., LUIS GOMEZ, M.D.,t 


In an attempt to clarify the contribution of antral gastrin to 
the vagal stimulation of pancreatic secretion, we have measured 
the effect of total excision of the antral mucosa on pancreatic 
secretion induced by electrical vagal stimulation in eight anes- 
thetized dogs. Stimulation was done before excision of the 
mucosa, and after excision, with and without a gastrin back- 
ground. Mucosal excision reduced pancreatic volume response 
to 25% and pancreatic protein response to 32% of the respec- 
tive responses obtained before excision; gastrin release in 
response to vagal stimulation was completely abolished. With 
a gastrin background (0.5 yg/kg-hr of synthetic human 
gastrin-17-I), which resulted in serum gastrin concentrations 
higher than those obtained by vagal stimulation before ex- 
cision of antral mucosa, the pancreatic volume and protein 
response showed only partial restoration. These studies 
provide evidence that vagal pancreatic secretion is only 
partially gastrin-dependent, and that other antral factors, 
probably vagally modulated intramural cholinergic pathways, 
are involved. 


AGAL STIMULATION of pancreatic protein secretion 
has been clearly demonstrated in several species. 
After sham feeding in man, there is an increase in parm 
creatic enzyme secretion which is not entirely due to 
the entry of acid in the duodenum.* Vagal stimulation, 
either electrical? or sham feeding," increases par- 
creatic protein secretion in dogs; electrical stimulation 
has a similar effect in cats? and pigs.* Since vagal 
stimulation also releases gastrin,' and since gastrin :s 
a known stimulant of pancreatic enzyme secretion,'? 
the possibility has been raised"! that gastrin may 
function as a mediator of vagally-induced pancreatic 
secretion. 
In an attempt to determine more precisely this 
proposed role of gastrin in vagally-induced pancreatic 
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secretion, we studied the effect in dogs of complete 
excision of antral mucosa on pancreatic secretion ob- 
tained by electrical vagal stimulation, with and without 
a backgrouad of heptadecapeptide gastrin (synthetic 
human gastr n-17-I). Portal and systemic blood levels 
of gastrin were simultaneously measured by radio- 
immunoassay. 


Materials and Methods 


Operative P-ocedures 


Eight dogs were fasted for 18 hours and anesthetized 
with chloralose (100 mg/kg). A laparotomy was done 
and the pylorus and accessory pancreatic ducts were 
ligated. Through a longitudinal duodenotomy, the main 
pancreatic duct and bile duct were each cannulated 
with 16 gauge polyethylene catheters for sampling of 
pancreatic uice and diversion of bile from the duo- 
denum. Two #22 Foley catheters were placed in the 
stomach through gastrotomy incisions. These catheters 
permitted iatragastric perfusion of a 300 mosm phos- 
phate buffer solution. The buffer solution was main- 
tained at pH 5.5 by an intragastric titration method 
previously described.'* Catheters were placed into 
the portal vein (via a splenic tributary) and a peripheral 
vein for periodic blood sampling and into another 
peripheral vein for infusions of saline, secretin (GIH, 
Karolinska Institutet, Stockholm) and gastrin (SHG-I, 
Imperial Caemicals Industries Ltd, England). Through 
a left thoracotomy, both vagal trunks were carefully 
dissected, severed, and their distal ends threaded into 
bipolar silver electrodes. 

After the control period of stimulation, the antral 
mucosa was excised. In this procedure, the antral 
mucosa was completely removed by sharp dissection 
in the su»mucosal plane, through a 4 cm incision 
parallel to the greater curvature of the stomach. 
The antra. mucosa was removed from the pylorus up 
to 3 cm proximal to the incisura angularis of the 
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Fic. 1. Eight days before antral mucosectomy. Upper panel: 


Pancreatic juice volume response (ml/15 min) to vagal stimulation, 
before excision of antral mucosa. * = p < 0.05. Lower panel: 
Pancreatic juice protein response (mg/15 min) to vagal stimulation, 
before excision of antral mucosa. * = same as above. 


stomach, leaving the seromuscular layer intact. Multi- 
ple mucosal specimens were taken circumferentially 
at the lines of resection for histologic study. The 
presence of duodenal mucosa at all points at the distal 
end and of oxyntic mucosa at all points at the proximal 
end of the excised segment assured complete removal 
of the pyloric gland area. The proximal remnant of the 
mucosa was closed with a running suture without in- 
cluding the seromuscular layer of the stemach. This 
method of mucosal excision avoids damage to the ex- 
trinsic nerve fibers which run to the pancreas through 
the pyloric region. Blood pressure and body tempera- 
ture were continuously monitored and were constant 
throughout the experiments. 


Experimental Design 


In all studies, a background of 0.25 CU/kg-hr of 
secretin (GIH) was infused throughout the experi- 
ments. A current of 12 V, 1 msec, 8 cycles/second of 
five minutes duration was applied to the vagus. Com- 
plete excision of the antral mucosa was then performed 
on each dog and the same stimulation was repeated with 
and without the infusion of 0.5 ug/kg-hr of SHG-I. The 


GUZMAN AND OTHERS 


Ann. Surg. e January 1980 


stimulus was applied with a Grass stimulator (model 
SD5) and monitored with an oscilloscope (Tektronix 
Inc., USA). Pancreatic juice was collected for 15 
minutes before and at two 15-minute periods after 
stimulation. Portal and systemic blood was sampled 
before, during (at 2.5 and 5 min) and after the stimula- 
tion (7.5, 10, 15, 20 and 30 minutes). 


Assay Procedure 


Serum gastrin was measured in portal and systemic 
blood by a specific double antibody method.? 


Laboratory Procedure 


The volume of pancreatic juice was measured. Pro- 
tein in pancreatic juice (taken as an index of pancreatic 
enzyme output) was measured by the method of Lowry 
and colleagues.’ Pancreatic volume and protein are 
expressed as mean + SE of total output/15 minutes 
or as increase above basal for 15 minutes. Gastrin levels 
are expressed as mean in pg/ml + 1 SE. Student's t-test 
was used to analyze the data for statistical significance 
of differences between means. Differences with a p 
value of less than 0.05 were considered significant. 


Results 
Before Excision of Antral Mucosa 


Volume: Pancreatic juice volume obtained before 
electrical stimulation was 1.9 + 0.5 ml/15 minutes. 
With vagal stimulation, volume increased significantly 
to 4.3 + 1.0 during the first 15 minutes but was not 
different from prestimulatory levels during the sub- 
sequent 15 minutes (Fig 1, upper panel). 

Protein. Pancreatic protein output prior to electrical 
stimulation was 7.2 + 1.5 mg/15 min. After the electri- 
cal stimulus, the pancreatic protein output increased 
significantly to 84.5 + 12.9, but returned to prestimula- 
tory levels during the following 15-minute period of 
sampling (Fig. 1, lower panel). 

Gastrin. The systemic value of serum gastrin was 
36 + 5 pg/ml prior to electrical stimulation and peaked 
to 49 + 5 pg/ml at 5 and 7.5 minutes with stimulation 
(Fig. 2, top panel). Basal portal gastrin concentration 
was 43 + 3 pg/ml, peaking at 5 minutes during electrical 
stimulus to 112 + 34 pg/ml. 


After Excision of Antral Mucosa 


Volume. Before electrical stimulation, the 15-minute 
volume of pancreatic juice was 1.7 + 0.6 ml. Volume 
rose significantly to 2.3 + 0.6 ml after electrical 
stimulation. During the subsequent 15 minutes, volume 
returned to prestimulatory levels (Fig. 3, upper panel). 

Protein. The output of pancreatic protein was 6.0 
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FiG. 2. Gastrin responses to vagal stimulation before excision of 
antral mucosa (upper panel), after excision (AMx) (middle panel) 
and after excision plus exogenous gastrin (AMx + SHG-I) (lower 
panel). * = same as Figure 1. Solid lines = systemic blood. Broken 
lines — portal blood. 


+ 1.3 mg/15 min before electrical stimulation; after 
stimulation, it rose significantly to 30.6 + 6.7; during 
the following 15-minute period, protein output returned 
to prestimulatory levels (Fig. 3, lower panel). 

Gastrin. No increase in portal or systemic gastrin 
was measured during or after the stimulus (Fig. 2, 
middle panel). 


Mucosal Excision plus Exogenous Gastrin 


Volume. Before stimulation, the volume of pan- 
creatic juice was 2.3 + 0.8 ml/I5 min. After the elec- 
trical stimulus (plus the background infusions of se- 
cretin and gastrin), volume rose significantly to 3.2 
+ 1.0 ml/15 min, and returned to prestimulatory levels 
during the following 15-minute period (Fig. 4, upper 
panel). 

Protein. Before stimulation, the 15-minute protein 
output was 10.8 + 1.5 mg. This value was significantly 
higher than that obtained for the same period before 
mucosal excision, or after excision without a gastrin 
background. After stimulation, protein output rose 
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Fic. 3. Upper panel: Pancreatic juice volume response (ml/15 min) 
to vagal stimulation after excision of antral mucosa. * = same as 
Figure 1. Lower panel: Pancreatic juice protein response (mg/15 
min) to vagal stimulation after mucosal excision. * — same as 
Figure 1. 
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Fic. 4. Upper panel: Pancreatic juice volume response (ml/15 min) to 
vagal stimulation after excision of antral mucosa, plus exogenous 
gastrin. * = same as Figure 1. Lower panel: Pancreatic juice pro- 
tein response (mgy15 min) to vagal stimulation after excision of antral 
mucosa, plus gastrin background. * = same as Figure 1. 
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Fic. 5. A volume (ml/I5 min) in the upper panel and A protein 
(mg/I5 min) in the lower panel after vagal stimulation. First bar 
= before excision of antral mucosa; second bar = after excision; 
third bar = after excision plus exogenous gastrr. * = Same as 
Figure |. 


significantly to 47.3 + 9.6 mg/15 min and dropped to 
prestimulatory values during the following 15 minutes 
(Fig. 4, lower panel). 

Gastrin. Infusion of 0.5 ug/kg-hr of SHG-I increased 
significantly the concentrations of gastrin to values 
ranging from 175 + 16 to 200 + 21 pg/ml in portal 
blood. Similar values were measured in systemic blood 
(184 + 23 to 213 + 26 pg/ml) (Fig. 2, lower panel). 
No further change was observed with electrical 
stimulation. 

When delta volume (Fig. 5, upper panel) and delta 
protein (Fig. 5, lower panel), obtained beore and after 
excision of antral mucosa with and without a gastrin 
background were compared, it was observed that the 
pre-excision volume and protein increments were sig- 
nificantly higher than after excision, and that the 
gastrin background only partially restored the response 
obtained before removal of the antral mucosa. 


Discussion 


Several experimental approaches have been made in 
attempts to delineate the humoral contribution to 
pancreatic secretion obtained by vagal stimulation. 
Hickson* showed that after resection of the stomach 
and small and large intestine, electrica! vagal stimu- 
lation was still a strong stimulant for pancreatic secre- 
tion in pigs. However, this species differs from the 
dog, since the vagus in the hog is not oaly a stimulus 
for enzyme secretion, but for hydrelatiz secretion as 
well. In cats, Lenninger and Ohlin® also reported that 
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pancreatic secretion obtained by electrical stimulation 
of the vagus was hormonally independent since iny 
cross-transfusion experiments, the receiver cat did 
not secrete when transfused with blood obtained from 
the donor cat during stimulation of the Vagus, whereas 
a secretory response of the receiver cat was found when 
cross-transfused with blood of the donor obtained 
during intraduodenal acidification or intravenous in- 
fusion of secretin. 

Extracts from the pyloric gland area of the stomach 
of hogs have been shown to be stimulants of pancreatic 
protein secretion." Stening and Grossman? later 
showed that gastrins I and II were one-third as potent, 
on a molar basis, as cholecystokinin for pancreatic 
enzyme secretion. These findings, coupled with the fact 
that electrical vagal stimulation brings about release of 
gastrin,' brought up the question of gastrin as a partial 
mediator in pancreatic enzyme secretion obtained by 
vagal stimulation. 

In conscious dogs, antrectomy or antroneurolysis'? 
reduced the pancreatic enzyme response to insulin 
hypoglycemia by 80%, which suggests a gastrin medi- 
ation. Similarly, Preshaw and colleagues'! showed that 
acidification of an antral pouch suppressed the pan- 
creatic enzyme response to sham feeding. In the in- 
terpretation of the results obtained by these studies, 
the possibility of damage to the pancreatic innervation 
as a result of antrectomy or by the preparation of the 
antral pouch, must be considered. Evidence has been 
provided for humorally independent, but vagally- 
modulated gastropancreatic!?^ and pyloropancreatic? 
reflexes. Submucosal dissection or extirpation of the 
antral mucosa may, of course, interrupt vagally-con- 
trolled intramural cholinergic pathways. This could 
account partially for the reduction of pancreatic se- 
cretion seen after these procedures. 

In our experiments, with the pancreas secreting 
under a constant secretin infusion, vagal stimulation 
elicited a significant increase in volume and enzyme 
secretion from the pancreas, and simultaneously in 
gastrin concentrations in portal and systemic blood. 
After excision of the antral mucosa. the pancreatic 
secretory response, although smaller, was still present 
(Figs. 3 and 5), but the gastrin response was entirely 
abolished (Fig. 2). When a gastrin background was 
provided, the protein secretion prior to electrical 
stimulation was significantly higher, which confirms the 
stimulatory effect of gastrin on pancreatic enzyme 
secretion previously shown.?:!?:? The volume output 
obtained by electrical stimulation plus the gastrin 
background, although higher, was not significantly 
different than that obtained after excision of antral 
mucosa, without gastrin, whereas protein output 
showed a partial but significant restoration. If delta 
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(stimulated minus basal) values are compared, and the 
pancreatic response obtained before excision of antral 
mucosa is considered as 100%, the pancreatic response 
after excision (without gastrin background) was 25% 
for volume and 3296 for protein. When the gastrin back- 
ground was added, delta volume was 38% and delta 
protein was 47%, as compared to the responses ob- 
tained before mucosal excision. The results suggest 
clearly, therefore, that the decrease of the pan- 
creatic secretory response after mucosal excision is not 
entirely due to the lack of a simultaneous release of 
gastrin, since the gastrin infusion restores the response 
only partially. 

Antral integrity appears to play an important role in 
vagally-induced pancreatic secretion, which is only 
partially gastrin-dependent, under the present experi- 
mental conditions. Our results would be, in conse- 
quence, consistent with those reported by Debas and 
Yamagishi, who provided evidence for a pyloro- 
pancreatic reflex obtained by distension of the antral 
pouch. With acid distension, a pancreatic secretory 
response was obtained, without a concomitant release 
of gastrin. This response was abolished by vagotomy 
and atropine. It is possible that vagally-induced pan- 
creatic secretion is not mediated only by direct ef- 
ferent stimulation to the pancreas, but that activation 
of intramural nervous plexuses also may be necessary 
for a full pancreatic response. Destruction of these 
plexuses, by removal of the mucosa, may account par- 
tially for the decrease in the pancreatic response that 
we observed. | 

In conclusion, our results provide evidence that in 
the anesthetized dog, provided with a secretin back- 
ground infusion, vagal stimulation elicits a significant 
increase in volume and enzyme secretion of the pan- 
creas. This increase is only partially suppressed by 
excision of the antral mucosa, a procedure which 
completely abolished gastrin release. A gastrin back- 
ground restored the pancreatic response only in part, 
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which suggests that other antral factors, probably 
vagally-mod.lated intramural cholinergic pathways, 
also play a role in the pancreatic volume and protein 
response tc vagal stimulation. 
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Influence of Total Parenteral Nutrition on Fuel Utilization 


in Injury and Sepsis 
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Total parenteral nutrition with hypertonic glucose/AA solu- 
tions given to eighteen nutritionally depleted patients resulted 
in a rise in the respiratory quotient (RQ) from 0.83 to 1.05 
(p < .001), while oxygen consumption (Vo,) increased only 
3%. Excess glucose in depleted patients was converted to 
fat as evidenced by an RQ greater than 1.0. Administration 
of a similar glucose load to fourteen hypermetabolic patients 
(injury/infection) resulted in a rise in RQ from 0.76 to 0.90 
while Vo, increased 29% (p < .001). In hypermetabolic pa- 
tients, even with administration of glucose in quantities above 
energy expenditure, there was still ongoing utilization of fat 
for energy, resulting in a RQ significantly less than 1.0. 
Excess glucose under these circumstances is apparently con- 
verted to glycogen while fat stores are utilized to partially meet 
energy needs. Septic and injured man seems to preferentially 
utilize endogenous fat as an energy source. Administration of 
a large glucose load to hypermetabolic patients does not 
totally suppress the net fat oxidation as it does in depleted 
patients. Rather there is an increase in VO,, continuing 
oxidation of fat and apparently an increase in the conversion 
of glucose to glycogen. 


HE NORMAL RESPONSE to a carbohydrate load in 
T excess of energy expenditure is a rise in the non- 
protein RQ to 1.0 or greater. This indicates that the 
main substrate being oxidized for energy is glucose. 
A nonprotein RQ above 1.0 indicates conversion of 
glucose to fat. Nutritionally depleted patients receiving 
total parenteral nutrition (TPN) given as a hypertonic 
glucose/amino acid mixture resporid to excess glucose 
similarly to normal subjects. We have recently re- 
ported a case* in which a carbohydrate intake of twice 
the resting energy expenditure, given to an infected, 
hypermetabolic patient, resulted in a nonprotein RQ 
which remained below 1.0. This indicates that there 
was continued utilization of endogenous fat for energy, 
even though the carbohydrate intake was over twice the 
energy requirement. The excess carbohydrate intake 
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appeared to be associated with massive glycogen 
deposition, increased O, consumption and increased 
excretion of urinary norepinephrine. Thus, high intakes 
of glucose in a hypermetabolic patient may constitute 
a physiological stress as well as nutritional support. 

The present study examines the influence of paren- 
teral nutrition given as hypertonic glucose/amino acid 
mixture on fuel utilization and gas exchange in pa- 
tients who were hypermetabolic secondary to injury 
or infection. 


Methods 
Patient Selection 


Group I: Depleted patients. Eighteen protein- 
calorie depleted patients who had undergone prior 
weight loss and who required total parenteral nutrition 
(TPN) on medical grounds were included in the analy- 
sis. Age, Body Surface Area (BSA), diagnosis, and per 
cent weight loss for each patient are shown in Table 1. 

Group II: Septic or injured patients. Fourteen pa- 
tients with infection or acute injury were studied. The 
septic patients were febrile and had positive blood 
cultures and/or evidence of localized intra-abdominal 
infection. Many septic patients were nutritionally 
depleted prior to the development of sepsis. The in- 
jured patients studied were those cases where the re- 
turn to normal oral intake was felt to be unlikely for 
7 or more days. Total parenteral nutrition was started 
on the second or third day following injury. Age, sex, 
BSA and diagnosis are listed in Table 2. 

The details of the expetiments, including risks, were 
explained to each patient, usually in the presence of 
members of his or her family, and written consent was 
obtained. The protocol of this study has been approved " 
by the Columbia University Institutional Review Board. 
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TABLE |. Depleted Patients 











Pt: Per Cent 
Number Age Sex BSA Wt Loss Diagnosis 

l 49 F 1.47 12 Crohn's disease 
2 59 M 1.70 33 Enterocutaneous fistula 
3 32 F 1.33 33 Malabsorption 

4 48 M 1.76 25 Pancreatitis 
5 58 F 1:40 18 Esophageal achalasia | 
6 62 M 1.76 18 Esophagogastrectomy and enterocutaneous fistula 
7 68 M 1.54 11 Small bowel obstruction 

8 41 M 1.39 16 Small bowel obstruction 

9 61 F 1.39 23 Small bowel obstructioh 

10 58 F 1.84 8 Achalasia 

11 66 F 1.63 lt Small bowel obstruction 

12 71 M 1.76 10 Small bowel obstruction 

13 77 F 1.64 22 Jejunal-cutaneous fistula secondary to gunshot 

ef abdomen. 

14 25 M 1:72 29 Small bowel obstruction 

15 76 M 1.54 34 Crehn’s disease 

16 66 F 1.4% 8 Small bowel obstruction 

Post colon resection 
17 45 F 1.48 29 Crohn's disease 
18 67 F 1.35 26 Radiation enteritis 
Protocol Balance Measurements 


For the first day, patients were maintained on intrá- 
venous 596 dextrose. Resting energy expenditure 
(REE) was measured,!'!? and used as a basis for cal- 
culating subsequent dietary intake. During TPN, 
energy intake for both groups ranged from 1.35 to 2.25 
times the energy expenditure measured on day 1. Nitro- 
gen balance was measured daily throughout the study in 
11 patients in Group I and 11 patients in Group II. Es- 
sential fatty acids were supplied with a daily massage 
of one tablespoon of corn oil.? Zinc, copper and iodine 
— were given orally. Apart from trace elements ànd water 
ad libitum, there was no oral intake. Amino acids were 
given as 1076 Aminosyn (Abbott Laboratories, N. 
Chicago, Ill.). Gas exchange was measured while re- 
ceiving 596 dextrose and was repeated after three to 
five days of administration of total parenteral nutrition. 


All intake, whether oral or infused, was measured 
by difference in weights of full and emptied containers. 
The amounts of each constituent (H,O), N, etc.) were 
calculated from the composition obtained from the 
manufacturer’s specifications or by direct analysis in 
this laboratory, according to established procedures.‘ 
Energy contents of diets were calculated from pub- 
lished values. Urine, feces and drainages were 
collected and znalyzed for total nitrogen. In addition, 
urea was determined in urine and drainage, creatinine 
was determined in urine, and glucose was determined 
in those urine samples in which qualitative tests 
(Ketodiastix®, Ames Co., Elkhart, Ind.) were positive. 
A manual, micro-Kjeldahl procedure was used for 
digesting samp'es for total nitrogen determination. 
Subsequent stages in total nitrogen determination and 


TABLE 2. Septic/Injured Patients 


Pt. 

Number Age Sex BSA 
l 21 M 1.92 
2 57 F 1.64 
3 66 M 1.83 
4 59 M 1.52 
5 56 M 1.96 
6 30 M 2.03 
7 28 M 2:00 
8 59 M 1.70 
9 59 M 1.43 

10 67 F 1.96 
11 48 M 1.42 
12 22 M 1.72 
13 52 F 1.85 
14 61 F 1.69 


Diagnosis 


Abdominal abscess following blunt trauma to abdomen 

Abdominal abscess post resection splenic arteriovenous shunt 

Pancreatic abscess 

Abscess following resection of colon carcinoma 

Multiple fractures of pelvis, femur, tibia, fibula secondary to auto accident 
Stab wound chest with development bronchopleural fistula 

Gunshot wound of abdomen, ne»hrectomy, small bowel resection 
Abdominal abscess, jejunal-cutaneous fistula following colon resection 
Abdominal abscess following perforated carcinoma of the colon 
Abdominal abscess following colon resection 

Radiation enteritis, staph sepsis 

Intra-abdominal sepsis, small bowel obstruction, jejunal cutaneous fistula 
Abdominal abscess following small bowel resection 

Pancreatic abscess 
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TABLE 3. Resting Energy Expenditure 


Actual 
Mean (Range) 


1173 (954-1742) 
1863 (1377-2820) 


Depleted (N = 18) 
Septic/Injured (N = 14) 


analyses of urea and creatinine were carried out with 
single channel automated analyzers according to the 
manufacturer’s procedures (Auto Analyzer, Technicon 
Company, Tarrytown, N.Y.) Blood urea nitrogen 
(BUN) was measured by an automated enzymatic 
procedure (BUN Analyzer, Beckman Instruments, 
Inc., Fullerton, Ca.). 


Gas Exchange 


Oxygen consumption and CO, production were 
measured, with the patients lying at rest, using a rigid 
lucite head canopy developed in this laboratory.'''!? 
This permits frequent measurements of relatively long 
duration—three to five periods per day of 40—60 
minutes each— evenly spaced throughout the 24-hour 
period, with minimal discomfort to the patient. Resting 
energy expenditure, total RQ and nonprotein RQ were 
calculated.’ 


Urinary Norepinephrine 


Daily urine collections were analyzed for free 
norepinephrine (NE). Norepinephrine was adsorbed at 
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Clearly 2 different responses are seen. Depleted patients show an 
RQ > 1.0 with a small increase in Vo, while hypermetabolic patients 
have an RQ < 1.0 with a marked increase Vo,. Both Groups show a 
large increase in CO, production. 


Per Cent Difference 


Predicted Actual — Pred r 
nis a N sra 100 ) 
Mean (Range) Pred 
1484 (1212—1792) —21.0 
1632 (1292-2116) +14.2 


pH = 6.5 on a weakly acidic, cation exchange resin 
(Amberlite CG 50, 200—400 mesh) and then eluted 
with 4% boric acid. An automatic fluorometric tri- 
hydroxyindole method, as described by Viktora et al.”° 
was used with slight modifications. An Aminco- 
Bowman spectrofluorophotometer, Model J4-8202H, 
was used with a blank substract, solid-state photo- 
multiplier microphotometer, J10-280PM. All samples 
were analyzed in duplicate. During each run, internal 
recovery of the standard added to a normal urine 
sample was also measured. Mean internal recovery 
averaged 9046. 


Results 


The depleted patients (Group I) had an average 
energy expenditure 21% below predicted (Table 3). The 
hypermetabolic patients (Group II) had an energy ex- 
penditure of 14.2% above predicted. This is lower than 
expected and probably reflects the fact that a number of 
patients developed sepsis after a period of prior nutri- 
tional depletion. The carbohydrate intake of the nutri- 
tionally depleted patients varied from 1067 to 4150 
kcal/day (average 1625). Protein intake varied from 174 
to 438 kcal/day (average 308). Carbohydrate intake of ` 
the hypermetabolic patients ranged from 1285 to 4259 
kcal/day (average 1953) while protein intake ranged 
from 174 to 418 kcal/day (average 304). Administration 
of total parenteral nutrition to depleted patients re- 
sulted in a 32% rise (p < .001) in CO, production and 
a 3% rise in O, consumption (Fig. 1). The total RQ 
rose from 0.83 to 1.05. In the septic injured group, the 
O» consumption rose 29% while the CO, production 
rose 56%. The RQ in this group receiving TPN averaged 
0.90 and was never above 1.0. 

Substrate intakes and oxidation for the 11 patients 
in Group I and II in whom N balance was performed 
are shown in Table 4. In the nutritionally depleted 
patients, the nonprotein RQ was 1.09 during adminis- 
tration of hypertonic glucose, and there was no net 
fat oxidation. In the septic/injured group, daily fat 
oxidation equalled 474 kcal, and there was no fat syn- 
thesis although carbohydrate intake markedly ex- 


ceeded carbohydrate oxidation. Urinary norepineph- w- 


rine excretion (Table 5) was unchanged during adminis- 
tration of TPN to the depleted subjects but increased 


TOTAL PARENTERAL NUTRITICN 43 


TABLE 4. Substrate Utilization during Administration of Hypertonic Glucose 


i ————— 


Vol. 191 e No. 1 
Intake 
(kcal/day) 
Prot CHO Nonprot RQ 
Depleted (N — 11) 297 1754 1.09 
Septic, Injured (N = 11) 322 1997 0.91 


Oxidation Energy 

(kcal/day) Expenditure 
— Fat of Fat Syn 
Prot CHO Fat Syn (kcal/day) REE 
204 1052 0 427 48 1304 
257 1169 474 0 0 1891 


TIO SE MEME G Án nl LÁ 


All measurements made during the third to fifth day of TPN. 


markedly, almost threefold, in the septic/injured 
patients. 

Daily changes in substrate oxidation of one patient 
who was previously reported? are shown in Table 6. 
Initially this patient was septic secondary to an intra- 
abdominal abscess. As the carbohydrate intake was in- 
creased, there was an initial decrease in fat oxidation 
on day 2, followed by a progressive increase. The rise 
in fat oxidation was accompanied by a parallel in- 
crease in urinary norepinephrine excretion and resting 
energy expenditure. On day 5 there was 505 kcal of 
net fat oxidation, even though carbohydrate intake was 
4259 kcal/day. On day 17, the sepsis had resolved, 
there was no fat oxidation, but rather 1194 kcal of fat 
synthesis. Urinary norepinephrine excretion and REE 
had decreased. 

In four patients who either resolved their sepsis or 
developed sepsis during administration of TPN, a shift 
from glucose to fat oxidation with sepsis (Table 7) was 
noted along with a rise in urinary norepinephrine. In 
the septic state, 419 kcal/day of fat was oxidized even 
though carbohydrate intake was in excess of energy 
needs. 


Discussion 


Response of Hypermetabolic Patients to Increased 
Glucose Intake 


Resistance to lipogenesis, continued net fat oxi- 
dation. The energy intake of total parenteral nutri- 
tion in the United States is generally given as glucose 
and is designed to meet resting energy needs and pro- 
vide for synthesis of new lean body tissue. Administra- 
tion of excess calories would be expected to result in 
lipogenesis. Lipogenesis requires a certain energy ex- 
penditure and results in a small increase in Os; con- 
sumption together with a nonprotein RQ which rises 
above 1.0. The total RQ is somewhat lower than the 
nonprotein RQ and dependent on protein oxidation. In 
the nutritionally depleted patients studied here, both 
the total and nonprotein RQ was greater than 1.0. There 
was a relatively small (396) rise in Vo; in the depleted 
patients in response to TPN, presumably reflecting the 
energy requirement of lipogenesis as well as the specific 


dynamic action of the amino acids infused. In contrast 
there was a marked rise (32%) in CO, production. 

Administration of a large carbohydrate intake in the 
hypermetabolic patients resulted in an RQ (total and 
nonprotein) which remained substantially below 1.0 
while O, consumption rose 29%. Thus even with a 
glucose intake above energy expenditure there was 
continued net utilization of fat for energy. 

Increased resting energy expenditure and norepi- 
nephrine excretion. Administration of hypercaloric 
glucose amino acid infusions in hypermetabolic pa- 
tients results in a marked rise in energy expenditure 
and a rise in urinary norepinephrine excretion. Amino 
acid infusions alone are associated with a 13% rise 
in energy expenditure in the postoperative state’ and 
cannot explain entirely the marked rise in O con- 
sumption observed here. Analysis of the relationship 
in injured patients between glucose intake and energy 
expenditure when glucose is infused alone* shows a 
positive (but weak, 0.1 > p > 0.05) correlation be- 
tween glucose intake and energy expenditure (slope 
0.36 kcal REE/kcal CHO. Additionally there was a 
positive correlation between glucose intake and norepi- 
nephrine excretion.* Other studies from this laboratory 
have suggested an effect of glucose (when infused with 
AA) is to increase Vo, and urinary norepinephrine 
excretion in hypermetabolic patients.” Analysis of the 
relationship of glucose to energy expenditure when 
infused with amino acids shows a strong positive 
correlation between glucose intake and energy expendi- 
ture (p < 0.025, slope = .45 kcal REE/kcal CHO). 
It should be stressed that the effect of glucose con- 
sidered here is due to large amounts of glucose given as 
TPN. Smaller amounts of glucose (90 g/day) when given 
in addition to amino acids infused peripherally seem to 
decrease urinary norepinephrine excretion! possibly 
by preventing ketosis. 


TABLE 5. Urinary Norepinephrine Excretion (pg/24 hrs) 








— Mean + SD 
D;W TPN p 
Depleted (N = 5) 48 + 34 62+ 47 NS 
Septic/injured (N = 8) 117 = 6 338 + 181 <.05 
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TABLE 6. Energy Balance and Urinary Norepinephrine Excretion during Administration of TPN in a Septic Patient 








Intake Oxidation Energy Expend. Net Fat Y 

(kcal/day) (kcal/day) of Fat Syn. REE Synthesis 

Urinary NE ————— 

Day CHO PROT PROT FAT CHO kcal/day kcal/day (ug/day) NPRQ (kcal/day) 
l 1512 96 249 550 852 0 165] 164 0.88 0 
2 3933 335 297 288 1206 0 179] 163 0.94 0 
3 4112 346 233 335 1400 0 1968 264 0.94 0 
4 425] 357 209 369 154] 0 2119 253 0.94 0 
5 4259 360 186 505 1730 0 242] 281 0.93 0 

6-15 Resolution of Sepsis 

16 3996 335 196 0 1839 134 2169 161 1.20 1167 
17 4139 347 212 0 1902 131 2245 157 1.19 1142 


Cc CMM "Lal CMM QNNM dcr. 


The analysis included here has partitioned patients 
into two discrete groups. Previously we have analyzed 
gas exchange data by dividing patients into 3 groups: 
I) depleted (hypometabolic), 2) normometabolic, 3) 
hypermetabolic.? Clearly there is neither two nor three 
discrete groups of patients but rather a gradation of 
responses which seem to be based on the degree to 
which any individual patient is "'hypermetabolic." 
At one extreme end are patients with severe injuries 
(multiple fractures) and sepsis while rutritional de- 
pletion constitutes the other end. The middle ground 
consists of minor injuries, elective surgery, etc. 

Possible mechanisms of action. The balance be- 
tween insulin and the counterregulatory hormones will 
determine the response to the hypertonic glucose in- 
fusion. Patients who are hypermetabolic with high 
urinary norepinephrine excretion seem to respond to 
a glucose load by a further increase in norepinephrine 
which apparently offsets the rise in insulin which would 
be expected to occur in response to the glucose. In 
the patient presented (Table 6) it seemed as though 
the initial effect of the increased glucose was to de- 
crease fat oxidation presumably by increased insulin 
secretion. By day 4, however, urinary norepinephrine 
had increased and apparently offset the insulin effect 
and restored fat oxidation to its original level. It is 
unclear as to whether the urinary NE rise was primarily 
directed at restoring fat oxidation!?»1*49 to the pre- 
TPN level or whether the increase in NE was mediated 
by another mechanism, and a secondary effect was to 


promote a relatively high level of fat oxidation, even 
with a high caloric glucose level. 

The effect of glucose on net fat oxidation in the two 
groups of patients is consistent with studies of pe- 
ripheral lipolytic rates from this laboratory. Hyper- 
metabolic patients have a high resting value of lipoly- 
sis which is minimally suppressed by administrations of 
TPN. Depleted patients showed a marked decrease in 
lipolysis when TPN was given at 1.5 x REE.> 

The balance between glucose and fat oxidation is 
determined by both the hormonal milieu and relative 
substrate levels.'?'^ Free fatty acid levels are elevated 
in hypermetabolic states. Although it has been sug- 
gested that there is decreased utilization of fat in in- 
fection, the opposite seems to be the case." The hyper- 
glycemic hormones stimulate triglyceride lipolysis in 
adipose tissue and cause plasma FFA to increase while 
insulin has the reverse effect.'^ Free fatty acids seem 
to inhibit muscle glucose utilization and oxidation. 
The suggestion has been made that excessive FFA 
metabolism might be a key factor underlying the de- 
creased glucose tolerance in diabetes!?:4 and perhaps 
is also a factor in the “insulin resistance” observed 
in sepsis. Free fatty acids seem to inhibit glucose 
transport, glycolysis and pyruvate oxidation while 
enhancing the conversion of glucose to glycogen. 
In our previous analysis of the patient presented in 
Table 6, it was determined that 30 g/kg body weight 
of glycogen had been stored during the high glucose 
intake period of days 2-5. Since all of the patients in 


TABLE 7. Shift in Substrate Utilization during Changing Clinical Status in Four Patients Receiving TPN 





REE Non Prot Urinary NE 


Intake 
(kcal/day) Oxidation (kcal/day) 
N CHO PROT CHO FAT 


(kcal/day) RQ (ug/day) 


S 311 2066 194 940 419 1553 0.90 297 


eptic 


Nonseptic 321 2082 239 1165 


0t 1404* 1.09* 1774 


v 
NUN PME c aa 
*ne« 05, +N = 3. 
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Group II presented here were on bedrest or extremely 
»limited activity (bed to chair), it is presumed that 
glucose intakes which were above glucose oxidation 
resulted in glycogen deposition with only a small 
amount going to activity energy expenditure. Since 
glucose oxidation was less than intake, apparently 
in the septic patient there was conversion of glucose 
to glycogen, during which time there was also con- 
tinuing fat oxidation. 

The effects of FFA on glucose utilization are linked 
not only to FFA levels but also to fatty acid oxidation. 
Free fatty acid oxidation is determined largely by both 
the intracellular FFA levels, which are in turn propor- 
tional to FFA concentrations in plasma as well as intra- 
cellular lipolysis, which is regulated by hormone- 
sensitive lipase.'? A high level of FFA oxidation will 
contribute to decreased glucose oxidation leading to 
increased levels of acetyl coenzyme A (CoA) which 
inhibits pyruvate dehydrogenase, and citrate which 
may inhibit phosphofructokinase.'* Randle’ has pro- 
posed a ''glucose/fatty acid" cycle which suggests that 
increased FFA levels and increased FFA oxidation in- 
hibit glucose oxidation in muscle in vivo and impairs 
the responsiveness of muscle to insulin. Endogenous 
fat may be a preferential substrate in injury and in- 
fection in muscle, while available glucose is utilized for 
the CNS, red blood cells, white blood cells and renal 
medulla. The insulin resistance in this state may be 
secondary to increased fat oxidation, mediated via in- 
creased levels of catecholamines. Infusions of hyper- 
tonic glucose in this condition may stimulate insulin, 
suppress fat oxidation and thereby cause a compen- 
satory rise in catecholamines, which tends to restore 
fat oxidation. 

One can advance at least two speculative hypothe- 
ses to explain these relationships: 


1) One is that in some way a high rate of fat oxi- 
dation is somehow required by the hypermetabolic 
patient. Suppression of this in response to increased 
glucose administration triggers increased sympathetic 
drive, as measured by norepinephrine excretion, re- 
turning fat oxidation to its original level.'°''*'° In 
this explanation, the increase in REE is seen as sec- 
ondary to the need for a high rate of fat oxidation. 

2) A second hypothesis supposes that there are 
quantitative differences in the response of hyper- 
metabolic and normal subjects to glucose loading. 
There is a reduction in fat oxidation in the hyper- 
metabolic patient which is in the same direction, but 
not as great, as would occur in the normal. This is 
} because there is already a higher than normal ratio of 
counterregulatory hormones to insulin. The excess 
glucose, which cannot now be converted to fat, must 
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be deposited as glycogen. This excessive glycogen 
deposition triggers increased sympathetic drive re- 
sulting in increased oxidation of both glucose and fat. 
In this explanation, both increased fat oxidation and 
REE are seen as secondary to the stress of glucose 
overloading. 


Further studis are needed to decide between these 
and other possible explanations of the metabolic 
changes in hypermetabolic patients. 


Clinical Implicetion 


Increased CO, production. In either the case of the 
depleted patient or the hypermetabolic patient re- 
ceiving hypertcnic glucose/amino acid mixtures, there 
is an increased CO, production (Fig. 1). In the depleted 
group the increase is essentially a function of the 
increased RQ, while in the hypermetabolic patients 
the increased CO, production is secondary to both 
an increased Q, consumption and an increase in RQ. 
In either case the increased CO, produced will have 
to be excretec by the lungs. In a patient with com- 
promised pulmonary function, respiratory distress 
may be precipitated.” 

The rise in CO, production in the depleted patient 
is most marked when the RQ rises above 1.0 and net 
lipogenesis occurs. In depleted patients with com- 
promised pulmonary function where energy intakes are 
given mainly as glucose the total energy intake can be 
kept at close to resting energy expenditure to avoid 
the high CO. production associated with lipogenesis. 
Alternately, fat emulsions can replace glucose calories 
as a source of energy and thereby limit CO, production. 

In the hype-metabolic patient, the RQ is a poor guide 
to the increase in CO, production. Rather an increase 
in O, consumption occurs with high levels of glucose, 
with a rather small increase in RQ. The net effect is a 
large rise in CO, production, as high as 7596 in some 
patients. The increase in O, consumption may be a 
cardiovascular stress, while the increase in CO, pro- 
duction may be a respiratory stress. Small amounts of 
glucose (50-100 g) do not seem to cause this phenome- 
non. Carbohydrate intakes at 1—1.5 x REE which 
are frequently given as nutritional support to the hyper- 
metabolic patient do seem to be associated with the 
increased Vo, and Vco,. 

The increase in CO, production may be a critical 
factor in wezning a patient with mechanical ventilatory 
support. Frequently patients requiring long-term me- 
chanical vertilation will also require nutritional sup- 
port. The ircrease in CO, production reported here 
could presumably be a factor in failure to wean. Fat 
emulsions which are oxidized with an RQ of 0.7 could 
prove usefu under these circumstances. 
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Summary 


Nutritionally depleted patients respond to glucose 
intake in excess of energy needs by a rise in nonprotein 
RQ above 1.0, indicating no net fat oxidation but rather 
net fat synthesis. Administration of similar energy in- 
takes of glucose to hypermetabolic patients is asso- 
ciated with a nonprotein RQ which remains less than 
1.0, increased urinary catecholamine excretion and 
increased energy expenditure, the net result of which 
is continued fat oxidation. Under these circumstances, 
large carbohydrate intake may serve as a physiological 
stress rather than nutritional support. In either the 
depleted or injured/infected patients, there is a rise 
in CO; production which may compromise the patient 
with borderline pulmonary reserve. 
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Vein Reconstruction of a Mycotic Internal 


Carotid Aneurysm 


ROBERT C. MONSON, II, M.D.,"^ RAYMOND H. ALEXANDER, M.D.T 


Carotid aneurysms are an extremely rare entity; mycotic 
carotid aneurysms are even more uncommon. Most articles 
in the past have advocated ligation as treatment of mycotic 
carotid aneurysms due to the dangers of graft placement in 
an infected field. Unfortunately, stroke occurs in many pa- 
tients so treated. As the cerebral complications were so high, 
bypass using autogenous vein and fine monofilament poly- 
propylene sutures is attractive. This technique was used in a 
patient having a mycotic carotid aneurysm who was referred 
to the Vascular Service of the Shands Teaching Hospital. Pre- 
and postoperative antibiotics, resection of the aneurysm, 
anastomosis in a noninfected area, and long-term oral 
antibiotics were felt to be other important aspects of the pa- 
tient's treatment. This individual is well one year after operation 
without neurological sequellae. This case suggests that if 
strict operative and therapeutic guidelines are observed, 
bypass with autogenous vein is a feasible operative alternative 
in patients having mycotic carotid aneurysms. The risk 
of this procedure must be carefully weighed against the 
devastating neurological sequellae that might result with 
ligation. 


XTRACRANIAL INTERNAL CAROTID aneurysms are 
E exceedingly rare, and mycotic aneurysms of the 
- internal carotid are indeed unusual. The following 
case report, to our knowledge, represents the first 
successful resection of an extracranial internal carotid 
mycotic aneurysm and saphenous vein graft inter- 
position. 


Case Report 


A 68-year-old white man was transferred to the Shands Teach- 
ing Hospital on February 28, 1978 with a two and a half week history 
of an enlarging left neck mass. The mass was first detected three 
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days after a tooth extraction for a dental abscess. The mass 
gradually enlarged and the patient was seen by his local physician 
who described a pulsatile mass the size of an orange in the left 
neck. An arteriogram was performed which revealed a 3 cm (internal 
diameter) internal carotid saccular aneurysm on the left with some 
narrowing of the bifurcation (Fig. 1). There was no history of 
TIA's, however, the patient was hypertensive with a blood pressure 
of 186/100, despite treatment with hydrochlorothiazide. 

He was transferred to the Shands Teaching Hospital for definitive 
treatment. Upon arrival the patient's blood pressure was 210/100, 
temperature 37 C, and pulse 80. The neck mass measured 6 x 8 
cm and was slighily tender with no erythema or induration. The 
patient was hoarse but had no other neurologic deficit. 

On the evening of admission he became febrile and hypotensive 
and was started on IV penicillin to which he promptly responded. 
Because his arteriogram did not accompany him in transfer, we 
elected to delay the patient's operation until it arrived, feeling that 
a repeat arteriogram carried a significant risk in this individual. Ten 
days later the arteriogram was obtained and the patient was pre- 
pared for surgery. However, on the evening prior to his operation, 
his temperature rose to 40 C and the patient had another transient 
bout of hypotension. Blood cultures were obtained, a lumbar 
puncture was performed, and he was begun on cefazolin and 
tobramycin. 

On March 14, 1978, the patient was taken to the operating room 
where a large 8 x 5x 5 cm aneurysm densely adherent to sur- 
rounding structures was found. After tedious dissection the distal 
internal carotid artery was isolated. After the common carotid and 
internal carotid arteries were clamped, the aneurysm was entered. 
The reversed saphenous vein graft was threaded over a silastic shunt 
which in turn was placed from the common to internal carotid 
artery. Following zomplete debridement of the aneurysm wall, the 
saphenous vein graft was anastomosed proximally and distally with 
monofilament polypropylene suture. At completion of the anastomo- 
ses an arteriogram was performed (Fig. 2). The external carotid 
artery was ligated, a small Penrose drain was inserted, and the 
wound was closed. 

Postoperatively the patient recovered uneventfully. He had no 
neurologic deficit except for his persistent hoarseness. Blood 
cultures from his preoperative febrile episode grew Klebsiella 
pneumonia and the aneurysm wall grew Bacteroides fragilis. The 
patient was treated with intravenous chloramphenicol for ten days, 
followed by oral zdministration of doxycycline hyclate with plans 
to continue this drug for an indefinite period. Since the organisms 
suggested a bowel origin, an oral cholecystogram, upper GI series, 
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pharyngeal or cervical streptococcal infections, ofter 
presenting as bleeding from the external auditory canal. 
Young reported 28 such cases in 1941.!^ 

The term mycotic was first used by Osler in 1885 
to denote aneurysms which resulted from septic emboli 
originating in vegetations of bacterial endocarditis. The 
term has subsequently been modified to include any in- 
fection in the walls of aneurysms either from luminal 
spread via vasa vasorum or local extension of an ad- 
jacent infectious process. Ledgerwood reported three 
cases of mycotic aneurysms in 1974.7 Two were 
common carotid aneurysms in heroin addicts, and one 
was an internal carotid aneurysm following a gunshot 
wound. The organisms cultured were Staphylococcus 
aureus and Pseudomonas species. All three were 
treated with ligation. 

Wemple, in 1965, describes one case of common 
carotid mycotic aneurysm secondary to pyogenic 
arthritis treated with excision and Dacron® graft inter- 


md 
| 





FiG. 1. Angiogram demonstrating an aneurysm at the left carotid 
bifurcation. 


and barium enema were obtained. All these studies were normal. 
The patient was discharged on the fourteenth postoperative day 
on doxycycline hyclate. Microscopically, the aneurysm revealed e: 
calcification and cholesterol crystals with focal necrosis and 
acute and chronic inflammation with bacterial colonies. 





Discussion 


Extracranial carotid aneurysms represent a rare and 
challenging surgical problem. Beall reported only seven 
cases of extracranial carotid aneurysms overan 11 year 
period during which time 2,300 aneurysms in other 
parts of the arterial system were trea:ed.! The Mayo 
Clinic reported only six cases during the period 1936— 
1963.° 

There are various etiologic factors for extracranial 
carotid aneurysms. The most common etiologic factor 
is atherosclerosis.? Some aneurysms may be congenital 
in origin.' Other causes include trauma, syphilis, cystic 
medial necrosis, fibrodysplasia, and infection. Prior to FIG. 2. Intraoperative angiogram after placement of the autogenous¥ 
the antibiotic era many aneurysms resulted from local saphenous vein graft from common to internal carotid artery. 
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position. No culture results or antibiotic treatment 
yere reported. 

Huebl, in 1966, reported two aneurysmal abscesses 
following carotid arteriography.* The first was ligated, 
but the patient rehemorrhaged, became septic and died. 
The organisms involved were coagulase positive S. 
aureus and beta Streptococcus. The second patient 
was treated with ligation and healed. Huebl also men- 
tions a third case following carotid endarterectomy 
which grew beta Streptococcus. This patient was also 
treated with ligation. Ehrenfeld reported four cases 
of pseudoaneurysms following carotid endarterectomy, 
two of which grew S. aureus.? The first patient was 
treated by ligation of the external carotid artery and 
saphenous vein graft between the common carotid 
artery and internal carotid artery. The second was 
treated by excision and autograft from the external 
iliac artery. Rhodes reported two pseudoaneurysms 
following suture line infection of carotid endarterec- 
tomies.'^ In an excellent review of extracranial carotid 
artery aneurysms, Rittenhouse reported a case with 
rupture into the oropharynx which was treated by 
resection and bovine graft interposition.!! This case 
probably represented a mycotic aneurysm although no 
cultures were noted. 

The treatment of extracranial carotid artery aneu- 
rysms is surgical. Winslow, in 1925, described 105 
cases managed nonoperatively, of which 7146 died due 
to aneurysm complications. Sir Astley Cooper was 
the first to treat carotid aneurysms by ligating the 
common carotid artery in 1805.'*'* His patient de- 
veloped hemiplegia and died. Reid reported ten pa- 

"tients treated by ligation prior to the advent of arterial 
repair.” Four patients died and two others became 
hemiplegic. Dimtza was the first to describe resection 
and end-to-end anastomosis of a carotid artery aneu- 
rysm in 1952.* In 1961, Eiseman first described using 
an internal shunt and Dacron graft for a common 
carotid aneurysm.* Resection and end-to-end anastomo- 
sis is possible for small aneurysms, while large aneu- 
rysms require graft interposition. Certainly if the 
aneurysm is considered mycotic, prosthetic grafts are 
contraindicated. Also, if infection is suspected, an at- 
tempt should be made to resect the entire wall. The 
wall is usually left in situ in noninfected carotid 
aneurysms minimizing the risk of damaging adherent 
nerves. We feel internal shunts should be used to pro- 
tect the cerebral circulation. 

Our case is unusual in several respects. It probably 
represents a small aneurysm which became infected 
following dental extractions. The pathologic factors 

«support this with calcium and cholesterol crystals 
present as well as bacterial colonies. Perhaps individ- 
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uals with carotid bruits should receive prophylactic 
antibiotics prior to dental procedures as is routine for 
people with p-osthetic valves. 

The organisnas cultured made us suspect a GI source 
of infection; hewever, the work-up was negative. K. 
pneumonia ane B. fragilis are oral flora and are asso- 
ciated with dertal infections. 

Technically the dissection of the densely scarred 
aneurysms is very difficult and sharp knife dissection 
is mandatory. This dissection can be done without 
damaging or sacrificing other important structures in 
the neck. Despite the potential need for extracranial 
collateral, the external carotid involved in the aneurysm 
was sacrificed to avoid the risk of one, perhaps two, 
additional anas-omoses. The reversed vein graft was 
placed over the short silastic shunt and the distal 
anastomosis constructed using a continuous 6-0 poly- 
propylene suture. The proximal anastomosis was next 
performed using a similar technique. Just prior to the 
placement of the last several sutures, the shunt was 
removed. This tactic minimized the risk of neuro- 
logical damage. 

The theoreti principles of bypass without ligation 
were elucidated by Huebl and Eiseman.*® To our 
Knowledge this patient represents the first case in 
which proved mycotic disease was bypassed with 
saphenous vein Such a procedure violates the prin- 
ciples presently practiced in the management of 
vascular infections. The risk of stroke, the con- 
sequence of ligation in this area, however, is formidable 
and occurs in approximately 28% of cases.!73-67-9-12.14 
We feel that bypass of the aneurysm is feasible if the 
following principles are followed: 1) Patients should be 
treated preoperatively with broad spectrum antibiotics 
to which the organism is sensitive. 2) The aneurysmal 
portion of the ertery should be excised or thoroughly 
debrided. 3) A shunt should be used during recon- 
struction. 4) An autogenous vein graft should be 
utilized. 5) Each anastomosis should be accom- 
plished with sma! monofilament polypropylene suture. 
6) The bypass sheuld begin and end in normal tissue and 
normal artery well away from the aneurysm. 7) Short- 
term drainage with a Penrose drain away from the 
anastomosis is mandatory. 8) Appropriate high dose 
intravenous antioiotics should be administered from 
10—14 days. 9) Long-term treatment with oral anti- 
biotics to which the organism is sensitive should 
follow terminatjcn of intravenous antibiotics. 

Carotid aneurysms are rare and mycotic ones 
even more uncommon. This patient reveals how readily 
these aneurysms harbor organisms. In every such 
aneurysm, infection should be considered preopera- 
tively. If the possibility of infection exists, we recom- 
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mend the protocol outlined in this report. We feel this 
procedure offers the best chance of avoiding a massive 
stroke without excessive risk to the patient's life. 
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Surgical Treatment of Chronic Occlusive Disease of the 
Enteric Visceral Branches of tke Abdominal Aorta 


Whenever abdominal circulatory disorders are caused by ob- 
struction of the abdominal aortic visceral branches, adequate 
blood flow may be restored only by surgical intervention. With 
the development of symptoms suggesting inadequate collateral 
circulation and disturbance of splanchnic blood supply, 
operation is indicated. The choice of operation depends on the 
nature and the cause of the disease and the type of occlusion. 
With intravascular obstruction, correction of blood flow may 
be achieved by a reconstructive procedure. In many patients 
with extravascular compression of the celiac artery, adequate 
flow is restored by simple external decompression. The pres- 
ent communication is based on experience with 119 opera- 
tions, 102 reconstructive and 17 decompressive. Of the 102 
reconstructive procedures, 94 were complex with one-stage 
revascularization of several arteries. Transaortic endarterec- 
tomy as described in our method of choice although with 
widespread lesions resection and replacement is preferred. A 
thoracolumbar approach is the most expedient incision for re- 
construction. The results obtained provide evidence for the 
effectiveness of surgical treatment of chronic occlusive dis- 
ease of the visceral branches of the abdominal aorta. 


HIS REPORT DEALS with our indications for opera- 

tion, choice of technique and surgical experiences 

in reconstruction of the enteric visceral branches of 
the abdominal aorta for occlusive disease. 


Materials and Methods 


We studied 303 patients with occlusive disease of 
various branches of the abdominal aorta. There were 
231 men and 72 women ranging in age from eight to 
72 years. The etiologic factors and age of the patients 


are given in Table 1. We rarely encountered oc- 


clusion of only a single vessel due to atherosclerosis 
or nonspecific aortoarteritis. On the other hand, 
extravascular compression was almost always isolated, 
involved the celiac artery, and was caused by ele- 
ments of the diaphragm. 


Reprint requests: A. V. Pokrovsky, Chief, Department of Sur- 
ery, Bakulev Institute of Cardiovascular Surgery, 117049 Leninsky 
prosp. 8, Moscow, U.S.S.R. 
Submitted for publication: May 12, 1978. 


Experience with 119 Operations 


A. V. POKROVSKY, P. O. KASANTCHJAN 


From the Bakulev Institute of Cardiovascular Surgery, 
Moscow, U.S.S.R. 


Symptoms wheh accompany chronic occlusive dis- 
ease of the abdominal visceral arteries are the result 
of circulatory insufficiency of the digestive tract, and 
we are convinced that the process is a progressive 
one from a milc to a more severe stage. We dis- 
tinguished three stages as 1) compensated, 2) inter- 
mediate, and 3) cecompensated. 

In the compensated stage collateral circulation is 
good with an adequate balance of blood supply through 
the celiac, superior and inferior mesenteric areas. 
Occlusive lesiors at this stage were discovered during 
examination for circulatory disorders in other arterial 
areas. When collateral circulation is inadequate, symp- 
toms first appeer only when the digestive tract is 
under a functional load, and they have a vague char- 
acter consisting of a sense of heaviness, sometimes 
pain in the epigzstric region, fullness and a sense of 
satiety after sma | meals and irregular bowel habits of 
constipation alternating with diarrhea. Further pro- 
gression of the »cclusion or inadequacy of the col- 
ateral circulatioa leads to the decompensated third 
stage and a specific triad of symptoms: abdominal 
dain after eating, intestinal dysfunction and progres- 
sive loss of weight, a syndrome we call chronic ab- 
lominal ischemia. Table 2 shows the relationship of 
:he stage of disease with the number and location of 
occlusions. 

The syndrome of chronic abdominal ischemia pre- 
sents difficulty n diagnosis. An epigastric systolic 
murmur is of great value and was heard in 78% of our 
patients with stenosis of the celiac artery (CA), 52% 
with occlusion cf the superior mesenteric artery (SMA) 
and 68% of those with both arteries. It should be noted 
that in the most severe cases, there may be no murmur 
and, hence, absence of a murmur does not exclude the 
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TABLE 1. Age of Patients and the Etiology of the Occlusive Lesions of the Abdominal Aortic Visceral Branches 


————————————————————————————————————————————À 


Age of Patients 





Etiology of Lesion Yr Yr 


Atherosclerosis 


Nonspecific aortoarteritis 19 26 
Extravascular compression E 2 
Total 22 28 


lesion. Signs of vascular disease in other areas may 
point to the probable vascular origin of the abdominal 
symptoms. Aortography in the anterior, posterior and 
lateral views is the main diagnostic tool. 

Restoration of adequate blood flow can be achieved 
by operation only and we support the principle of 
early surgical correction, believing that the presence 
of symptoms is an indication for surgery. In most cases. 
the operation is done through a thoracolumbar ap- 
proach with displacement of the viscera, including the 
left kidney to the right and anteriorly. This provides 
a good view of the aorta and its branches and allows 
different types of surgical repair. Midline incision is 
used only in cases of moderate compression of the 
celiac artery where decompression alone is usually suf- 
ficient to restore adequate blood flow. When prolonged 
cross-clamping of the aorta above the celiac artery is 
expected, moderate hypothermia (30-31 C) is used. 

Between 1962 and 1977, 119 operations were per- 
formed to revascularize the arteries of the digestive 
tract. Choice of the operation varied depending upon 
the etiology and nature of the occlusion. Release of 
the extravascular compression of the celiac artery was 
adequate in many cases but intravascular disease re- 
quired a reconstructive procedure. Reconstruction was 
performed in 102 cases, involving 130 arteries (Table 
3). We have used endarterectomy, resection and re- 
placement, and replantation. 


Endarterectomy 


Endarterectomy is used only when the proximal 
artery segment is involved and we prefer the trans- 


31-40 


41-50 51—60 Over Total 

Yr Yr YF 60 Yr Numbe 
72 79 52 210 
5 — — 67 
8 6 E ul 26 
83 84 54 303 


aortic method. Since with atherosclerosis and non- 
specific aortoarteritis several aortic branches are 
often involved, we favor a one stage method on the 
aorta. This is performed as follows: after mobilization 
of the abdominal aorta and the visceral branches, the 
aorta is cross-clamped 1.5-2 cm proximal to the 
celiac artery and distal to the renal arteries (Fig. 
Ib). A longitudinal incision is made over 5-7.5 cm on 
the left posterolateral aspect of the aorta. With a special 
spatula the altered intima and atherosclerotic plaque 
are delicately detached all over the aortic circum- 
ference and this is detached proximal to the celiac 
artery and distal to the renal arteries. Wide incision 
on the aorta provides good visual control as the 
endarterectomy is continued into the affected arteries. 
Retrograde flow is examined during release of oc- 
clusion of the arteries. When necessary, bougienage 
of the endarterectomized arteries is performed, and 
once good back bleeding is obtained, the aortotomy is 
closed with a single layer of mattress sutures. The 
procedure can be completed in 15—17 minutes and is 
performed at normal temperature. By means of en- 
darterectomy, the celiac artery was revascularized in 
15 cases, the superior mesenteric artery (SMA) in 19 
and the inferior mesenteric artery (IMA) in 26. 
Revascularization of the IMA occurred as a rule, dur- 
ing reconstruction of the terminal aorta. For this 
purpose, after transection of the terminal aorta, we 
longitudinally incised its wall up to the level ofthe IMA. 

During aortofemoral bypass the proximal anastomo- 
sis is made at the level of the IMA which facilitates 
the endarterectomy of that artery. 


TABLE 2. Severity of Clinical Picture Depending on the Location and Number of Occlusions 


—— M M ete UUU 


Site of Occlusion 


Stage of 
Process CA SMA IMA 
Compensated 8 7 164 
Intermediate 9 11 13 
Decompensated 24 F — 
Total 4] 25 177 


CA: Celiac artery. 
SMA: Superior mesenteric artery. 


CA SMA All Three Total 
SMA IMA Branches Number 
8 2 € 189 
22 7 5 67 
10 2 4 47 
40 11 9 303 


IMA: Inferior mesenteric artery. 
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TABLE 3. Types of Reconstructive Operations and Total Number of Revascularized Arteries 
Type of Reconstruction Resection 
- of Aorta and 
Endarterectomy Replacement Replantation Ostium Plasty Reconstruction 
Nature of of Suprarenal 
Disease CA SMA IMA CA SMA IMA CA SMA IMA CA SMA IMA Segment 
Atherosclerosis 5 10 25 5 9 l — — 4 — | — 
Nonspecific 
aortoarteritis 10 9 | 8 10 — — 2 4 9 2* — 27 
Extravascular 
compression S See ee es, 6o XJ Re cae Amo T indi 
Total I5 19 26 16 19 | — 2 18 9 3 — 2 


t 


. continuous circular suture. 





* [n two cases aneurysm of the intestinal branches was excised. 
t In two cases we performed resection of the thoraco-abdominal 
aorta and lateral plasty of the suprarenal segment by a graft and 


Resection and replacement was performed for more 
extensive lesions. Allografts, 8 mm in diameter, were 
used for arterial replacement and in one case 
autogenous vein angioplasty of the celiac artery was 
performed. We have replaced the celiac artery in 16 
cases and the SMA in 19. In one case replacement 
of the IMA was performed along with resection of an 
abdominal aortic aneurysm. 

Replantation is considered when, after resection of 
the affected arterial segment, sufficient length and 
mobility is obtained to anastomose the aorta without 
tension. The mesenteric arteries, the main trunk of 
which is sufficiently long, is usually treated in this way. 

Replantation has been done in 20 cases, two of the 
SMA and 18 of the IMA. When the IMA is small in 
diameter we replanted it with a button of the adjacent 
aorta. 

Difficulties arise when there are different types of 
obstructive lesions necessitating revascularization of 
several viscera. In practice this occurs often.55:19717 
When there are more than two affected visceral branches, 
in various combinations (Fig. 2), we use the one stage 
transaortic endarterectomy. This was used in 25 cases, 
13 because of atherosclerosis and 12 because of the 
sclerotic stage of nonspecific aortoarteritis. 

In 18 patients, transaortic endarterectomy was 


Truncus 
Fic. 1. Schematic picture of one-stage —— 
transaortic endarterectomy of the ab- Assoc! 
dominal aorta and its branches. (A) Superior -> 
Incision on the left posterolateral as- 

pect of the aorta. (B) Aortic lumen is 
opened and the involved intima is re- 
moved from the aorta and affected 
arteries. (C) Aortotomy is closed with 
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correction of the blood flow in the celiac and superior mesenteric 
arteries. 


associated with reconstruction of the affected aortic 
segment, in two patients with resection and replace- 
ment of the thoracoabdominal aorta, in four patients 
with replacement of the infrarenal aortic segment, and 
in 12 transaortic endarterectomy was associated with 
aortofemoral replacement. The order of the operation 
depended on localization of the aortic lesion. When 
reconstruction of the thoracoabdominal aorta was 
necessary, we performed replacement first and then 
transaortic endarterectomy (Fig. 3). Operations are 
done under hypothermia, anticipating prolonged cross- 
clamping of the aorta above the celiac artery. When 
the infrarenal segment was resected, we performed the 
endarterectomy first (Fig. 4). 

When the thoracoabdominal aorta and the celiac 
artery are affected by nonspecific aortoarteritis, we 
use a one-stage resection of aorta and plastic repair 
of the orifice of the celiac artery (Fig. 5). For resection 
of the acrta the distal incision is made at the level 
of the celiac artery and a longitudinal incision extends 
into its upper wall. The distal end of the graft is 
trimmed and a wide end-to-end anastomosis con- 
structed. extending into the celiac artery. We have 
done this in nine instances. 

When the celiac artery and the SMA, or one of them 
and the left renal artery, are involved, we use a 
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Fic. 2. Indications for one-stage simultaneous transaortic endar- 
terectomy from the abdominal aorta and its branches. 


bifurcation prosthesis. End-to-end anastomosis is done 
to the aorta in the suprarenal segment and sub- 
sequently branches are anastomosed end-to-end to the 
artery to be reconstructed. 

Of 102 reconstructions there were 71 of one visceral 
branch, 29 of two branches and two involving three 
branches (Fig. 6). Isolated reconstruction of visceral 
branches was done in ten cases only; replacement of 
the celiac artery in five cases, the SMA in three and 
of both arteries in two. In 15 cases we performed 
one-stage reconstruction of the enteric visceral and 
renal arteries, in 47 cases of enteric branches and aorta, 
in 29 of enteric branches, renal arteries and different 
segments of the abdominal aorta. 

One-stage reconstruction of several branches is 
associated with a significant risk. Although this might 
be decreased by staged operations, staging aggravates 
the visceral ischemia from the associated hemodynamic 
changes and redistribution of blood. 


Decompression Operations 


Twenty patients were operated on because of extra- 
vascular compression of the celiac artery. Ir three in- 
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Fic. 3. Illustration of one-stage transaortic endarterectomy com- 
bined with resection of the thoracoabdominal aorta. (A) Type of 
pathology. (B) Thoracoabdominal aorta is resected. (C) Proximal 
anastomosis is constructed; the aorta is clamped distal to the renal 
arteries; the aorta is incised longitudinally and endarterectomy is 
done. (D) The aortotomy is sutured and the distal anastemosis 
is constructed. 
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Fic. 4. Illustration of one-stage transaortic endarterectomy com- 
bined with resection of the infrarenal aortic segment. (A) Type of 
pathology. (B) Aorta is cross-clamped above the celiac artery and 
distal to the renal arteries and it is longitudinally incised up to the 
level of celiac artery; endarterectomy is done. (C) The aortotomy 
is sutured and the clamp is placed just distal to the renal arteries. 
(D) The terminal aorta is replaced. 


A 


C D 


stances, decompression was then insufficient to re- 
store adequate blood flow because of fibrous reaction 
of the wall and the remaining 10 mmHg gradient was 
corrected by resection and replacement (two allo- 
grafts and one autogenous vein). Thirteen patients 
(1176) died in the early postoperative period, 12 
of them after complex reconstructive procedures with 
the restoration of flow to several arteries. Four died 
from acute cardiovascular insufficiency, one from 
bleeding, one from thrombosis of the reconstructed 
SMA and resulting gangrene, one from sepsis, one 
from multiple organ failure, four from acute renal fail- 
ure and one from respiratory insufficiency associated 
with empyema and bilateral necrotizing pneumonia. 
Only two patients (4%) died among 49 patients treated 
in the last three years. 





Fic. 5. Illustration of resection of the thoracoabdominal aorta 
and reconstruction of the Celiac artery. (A) Type of pathology. 
(B) The aorta is resected and the celiac artery is longitudinally 
incised. (C) The anastomosis continues on to the arterial wall with 
the Larsan-Ftorlan prosthesis widening the arterial lumen. 
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Late results, six months to 15 years after operation, 
“were examined in 79 cases. Eighteen were operated 
<n for extravascular compression of the celiac artery, 
61 for atherosclerosis and nonspecific aortoarteritis. 
Fifty-seven patients were operated on for the syndrome 
of chronic abdominal ischemia, and a good result with 
disappearance of ischemic symptoms was obtained in 
39 (68%) and in 11 (19%) there was significant im- 
provement. In six patients (10%), five of whom had a 
decompression operation, the operation was ineffec- 
tive. One patient died five years postoperative from 
traumatic bleeding. 

Of twenty-two patients having reconstruction in the 
compensated stage of disease, four died, two from 
myocardial infarction, one from acute cerebral vascular 
insult and one from renal insufficiency. Eighteen pa- 
tients were relieved of symptoms of abdominal 
ischemia. 

Thus, of 79 patients, 68 (86%) obtained good or satis- 
factory results. Considering the late results, we believe 
these results are good. 


Discussion 

There is a divergence of opinion about the indica- 
tions for operation for occlusive disease of the arteries 
to the digestive tract. Many authors advocate early 
operation because of the progressive nature of the 
process and the severe consequences of ischemia, 
principally the threat of acute mesenteric throm- 
bosis.*®1314 Many advised a prophylactic operation 
believing that acute mesenteric thrombosis is inevitable. 
Several authors advocate operation only if there 
is marked clinical evidence of chronic abdominal 
ischemia.?:!? 

We believe that symptoms of the chronic abdominal 
ischemic syndrome constitute an indication for opera- 
tion irrespective of the clinical signs. In asymptomatic 
patients we withhold operation except in cases where 
operation is being done for other disease of the aorta 
or where during reconstruction of the aorta or its 
branches, the circulation and hemodynamics were so 
altered that we could anticipate development of 
ischemia. In such cases we revascularized the asymp- 
tomatic visceral branches. 

Controversy exists about the surgical procedure in 
case of associated lesions of the celiac artery and 
SMA. Several authors?^'? believe it is sufficient to 
restore blood flow to the SMA only. Others??:'? decide 
at the time of operation and restore one artery at a 
time, attempting to eliminate the pressure gradient in 
all branches of the aorta. We agree with the authors 
who advocate revascularization of both arteries.?:!9:19 

On the basis of our study, we believe ischemia may 
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Fic. 6. Diagram showing number and site of reconstruction of the 
abdominal aortic visceral branches. 


result in the presence of isolated obstruction of the 
celiac artery and SMA. Collateral flow to these af- 
fected areas may result in ischemia of the organs 
normally supplied by the unobstructed visceral vessel. 
Therefore, in case of associated lesions with ob- 
struction of the SMA, we try to achieve one-stage 
revascularization.?:6:9:13.17 

The choice of an operation is arguable. Most sur- 
geons prefer various types of bypass procedures and 
fewer speak of endarterectomy. In our opinion, varia- 
tion of the extent of disease prevents adoption of a 
uniform technique. A bypass operation is easier, 
notably because exposure of the arterial orifice which 
is required with endarterectomy is associated with 
technical difficulties. Bypass is considered to be less 
effective hemodynamically, however, when com- 
pared to replacement and an end-to-end reconstruc- 
tion. In many instances of occlusive disease, re- 
vascularization of several branches is required and 
construction of several shunts is difficult on the short 
aortic segment. Transaortic endarterectomy as pro- 
posed allows easier revascularization of several viscera. 
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Determination of Intestinal Viability by 
Doppler Ultrasonography in Venous Infarction 


MARC COOPERMAN, M.D.. EDWARD W. MARTIN, JR., M.D., LARRY C. CAREY, M.D. 


The accuracy of Doppler ultrasound in predicting the 
viability of ischemic intestine secondary to venous obstruction 
was assessed. Twenty loops of ischemic intestine were created 
in dogs by temporarily obstructing venous return from the 
bowel. Doppler arterial flow signals within the intestine 
quickly disappeared following venous occlusion. In ten seg- 
ments, arterial signals promptly returned following release of 
venous occlusion. Nine of these ten segments were viable at 
reoperation 24 hours later. In ten segments, no arterial sig- 
nals could be detected following release of venous oc- 
clusion, and only one segment proved to be viable. Doppler 
ult,asound findings were far more accurate in distinguishing 
between viable and nonviable intestine than were clinical 
guides to intestinal viability. 


HE DOPPLER ULTRASONOGRAPHIC technique has 
AR been proved to be exquisitely sensitive in pre- 
dicting the viability of intestine ischemic owing to the 
interruption of arterial flow. * But, many clinical 
situations of vascular embarrassment to bowel are 
produced by venous rather than arterial occlusion. 
Among these are closed loop obstruction, volvulus, 
intussception, and internal and external hernias. Be- 
cause these situations occur more frequently than 
those which cause arterial ischemia, an experiment was 
designed to test the usefulness of the Doppler tech- 
nique in determining intestinal viability in venous 
occlusion of the intestine. 


Method 


Five healthy mongrel male dogs (average weight 
20 kg) were anesthetized with thiamylal sodium. A 
midline laparotomy was performed under sterile con- 
ditions. Four 12 cm loops of intestine were isolated, 
and the venous supply to each loop was carefully iso- 
lated. The venous return from each loop was tem- 
porarily occluded with vascular clamps, and collateral 
vessels within the bowel were occluded by placing 
intestinal clamps across the proximal and distal 
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margins of each loop. The arterial supply to each loop 
was carefully preserved. 

Prior to occluding the venous flow and ten minutes 
after accomplishing it, a 9 MHz sterile Doppler probe 
was passed over the antimesenteric surface of the 
bowel wall to determine whether audible arterial flow 
signals were present. The Doppler probe was coated 
with sterile water-soluble gel to enhance contact be- 
tween the prooe and the bowel wall and was lightly 
applied to the intestinal wall at a 45° angle. In each 
animal, venous flow was occluded for a period of two, 
four. six, and seven hours in one each of four loops. 
At the completion of each period of venous occlusion, 
vascular and intestinal clamps were removed. Ten min- 
utes after venous occlusion was released, the clinical 
appearance of the intestinal segment was noted, and 
the Doppler probe was again applied to the anti- 
mesenteric surface of the bowel to determine whether 
arterial flow signals were present. 

Following the termination of the longest period of 
venous occlusien in each animal (seven hours), the 
abdomen was closed routinely. All animals were re- 
explored 24 heurs later, and the viability of each of 
the four loops cf intestine was assessed. 


Results 


Doppler arterial signals were easily audible on the 
antimesenteric surface of each of the twenty loops 
prior to occlusion of the venous drainage of the seg- 
ment. Followirg application of venous occlusion, the 
bowel and mesentery rapidly became hemorrhagic in 
appearance. When the segments were checked for 
arterial Doppler signals ten minutes after application 
of venous occlusion, no arterial signals could be de- 
tected within the intestine, although arterial signals 
were still clearly audible over the arteries within the 
mesentery in all 20 segments. 
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TABLE |. Accuracy of Doppler Ultrasound 
in Predicting Intestinal Viability 


Viable Nonviable 


Doppler signals present 9 l 
Doppler signals absent | 9 


p< .0l. 


As the period of venous occlusion lengthened, 
hemorrhagic changes in the bowel became more pro- 
nounced and gradually progressed to cyanosis. No 
improvement could be detected in any of the 20 
segments immediately following the release of venous 
occlusion. None of the segments could be clinically 
judged unquestionably viable on the basis of color, 
peristalsis, or presence of palpable mesenteric pul- 
sations. 

Following the release of venous occlusion, how- 
ever, Doppler arterial flow signals were readily de- 
tected over the antimesenteric surface of 10 loops, 
while in the remaining 10 loops of intestine, there was 
no return of arterial Doppler signals. Of zhe intestinal 
loops in which Doppler signals returned, the periods 
of venous occlusion were two hours in five loops, four 
hours in four loops, and six hours in one loop. Venous 
occlusion in segments in which Doppler signals failed 
to return had lasted seven hours in five loops, six 
hours in four loops, and four hours in ore loop. 

At reexploration 24 hours later, nine of the ten seg- 
ments in which Doppler arterial signals had returned 
after release of venous occlusion appeared obviously 
viable (Table 1). The remaining segment was clearly 
nonviable. Of the 10 segments in which arterial Doppler 
signals could not be detected after release of venous 
occlusion nine were obviously infarcted, while one had 
improved in appearance and was viable. Chi square 
analysis showed these results to be statistically sig- 
nificant (p < .01). 


Discussion 


This study demonstrated that occlusion of the venous 
drainage of the bowel produces rapid and dramatic 
changes in the appearance of the intestine. Edema 
and hemorrhage within the bowel and mesentery occur 
rapidly. If venous occlusion remains uncorrected, 
changes in the intestine progress to cyanosis and then 
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to frank infarction. Clinical assessment of the viability 
of an involved segment of intestine can be difficult. 

In the presence of experimental venous occlusion, 
Doppler arterial signals within the wall of the intestine 
quickly disappeared, although they were still detected 
over the arteries in the mesentery. Following restora- 
tion of venous outflow, Doppler arterial signals again 
became audible in viable intestine. Ninety per cent of 
the intestinal segments in which arterial signals re- 
turned were proved to be viable at re-exploration 24 
hours later. Conversely, only one of ten segments in 
which no return of arterial Doppler signals could be 
detected was viable 24 hours later. Doppler ultra- 
sound thus proved to be a highly accurate means of 
predicting intestinal viability, even when the bowel 
appeared clinically to be severely compromised. 

The technique of the use of Doppler ultrasound 
equipment is relatively simple and easily learned. The 
Doppler probes can be gas-sterilized for intraoperative 
use. The tip of the probe is coated with a sterile water- 
soluble gel to enhance contact between the probe and 
the bowel wall. The probe is then lightly applied to 
the wall of the intestine at a 45? angle. Care must be 
used to avoid excessive pressure on the probe, which 
may occlude the small vessels within the wall of the 
intestine. If arterial flow is present, distinct arterial 
signals are readily detected. 

Previous studies have demonstrated the usefulness 
and accuracy of this technique after interruption of the 
arterial supply to the intestine. Occlusion of the 
venous return in intestinal strangulation precedes 
arterial thrombosis and produces striking changes in 
the appearance of the intestine. These changes may 
regress slowly following restoration of venous outflow 
to the involved segment of intestine. However, arterial 
flow within the bowel, which can be detected by Doppler 
ultrasound, resumes quickly. Doppler ultrasound is 
sufficiently sensitive and accurate to be useful in 
determining the viability of ischemic intestine resulting 
from venous obstruction. 
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Infrapopliteal Arterial Reconstruction in the 
Severely Ischemic Lower Extremity 


A Comparison of Long-Term Results of Peroneal and Tibial Bypasses 


FREDERICK A. REICHLE, M.D.,* MARK W. MARTINSON, M.D., KEVIN P. RANKIN, M.D. 


The feasibility of limb salvage with bypasses to the infra- 
popliteal arterial tree has been established. In this review, 
our experience with bypasses to the peroneal artery is com- 
pared with that to the tibial arteries. Autogenous saphenous 
veins were employed in 164 limb salvage arterial revasculariza- 
tions because of gangrene, ischemic ulceration, or rest pain. 
These were retrospectively analyzed by the life-table method. 
Femorotibial (137) or femoroperoneal (27) bypasses were 
performed on the basis of adequate preoperative arterio- 
grams demonstrating the distal arterial tree, but with no 
popliteal runoff. Overall operative mortality was 6.1%. Initial 
limb salvage was 71.2 + 3.9% following femorotibial bypass 
and 51.9 + 9.6% after femoroperoneal bypass. Five and seven 
year cumulative limb salvage rates for femorotibial bypass 
were 48.5 + 5.2% and 43.4 + 6.7%; those for femoroperoneal 
were equivalent at 38.2 + 9.9%. Since long-term limb salvage 
can be realized in a large number of patients by revasculariza- 
tion of the distal arterial tree, primary amputation is seldom 
indicated. Operative approach to the ischemic limb must be 
based on a thorough preoperative arteriogram which dem- 


*~ onstrates contrast within vessels down to the distal foot. This 


is almost always seen and arterial reconstruction is usually 
feasible. Therefore, limb salvage should be attempted in lieu 
of primary amputation whether tibial or peroneal arteries are 


visualized on preoperative arteriogram. 

UCCESSFUL REVASCULARIZATION of the severely 
S ischemic lower extremity by femoropopliteal by- 
pass or infrapopliteal bypass procedures to either the 
anterior tibial artery, posterior tibial artery, or the 
peroneal artery has been demonstrated.*°*!! Pro- 
longed limb salvage with functional reversed autog- 
enous saphenous vein grafts following infrapopliteal 


procedures has been well established." 5:!9712.16.177 More 
recently, further experience has been reported with 
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the use of nonautogenous material in infrapopliteal 
bypasses.*:!?:20 

Patients with severe ischemia of the lower extremity 
and in whom only a peroneal artery is seen on distal 
arteriography may have the least favorable prognosis 
for limb salvage. Therefore documentation of the 
long-term outzome of femoroperoneal bypasses is 
basic information which pertains directly to the sur- 
gical management of this group of patients. 

It is the purpose of this review to further examine 
and compare our infrapopliteal bypass experience. 
Bypasses using long autogenous saphenous veins to 
the peroneal artery were retrospectively analyzed and a 
long-term follow-up was conducted. The results were 
then compared to bypasses to either the anterior or 
posterior tibial artery. Our earlier experience to various 
levels of the distal arterial tree has previously been 
reported.'?^ !'?:* This review focuses on our series of 
femoroperoneal bypasses including an analysis by the 
life-table method which has generally been accepted 
as the best comparative mechanism to present data on 
peripheral vascular procedures.?:!? 


Methods 


This review consists of 164 infrapopliteal bypasses 
performed at Temple University Hospital between 1963 
and 1977. Included are 137 femorotibial bypasses and 
27 femoroperoneal procedures. Only primary pro- 
cedures were included in this study, and bypasses were 
confined to the lower extremities without associated 
aortoiliac reconstruction. Any previous vascular pro- 
cedures on the extremity, therefore, eliminated it 
from consideration. 

The mean age for femorotibial bypass was 63.9 
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TABLE |. Mean Age in 164 Arterial Recorstructions 


Years ESD 
Femorotibial 63.9 +12.2 
Femoroperoneal 66.3 +11.9 


+ 12.2 years, and that for femoroperoneal bypass was 
66.3 + 11.9 years (Table 1, Figs. 1 and 2). The 
prevalence of diabetes mellitus was 48.9% in the 
femorotibial group and 51.9% in the femoroperoneal 
series (Table 2). Fifty per cent of the patients mani- 
fested severe atherosclerotic disease either as organic 
heart disease (angina pectoris, abnormal electro- 
cardiogram, history of myocardial infarction, or con- 
gestive heart failure) or a history of a previous cere- 
brovascular accident. Slightly less than one quarter of 
the patients were hypertensive (Table 3). Thirty-six 
per cent of the patients were heavy smokers i.e. 
one pack or more per day. 

Indications for distal arterial bypass. based on the 
degree of ischemia, are presented in Table 4. Well over 
half of the patients (61.6%) had evidence of gross 
tissue necrosis, either gangrene or ischemic ulceration. 
Inclusion of those patients with rest pain brought the 
total amount of patients with limb-threatening ischemia 
to greater than 90% (94.5%). Claudication, present in 
only 5.5% of those undergoing infrapopliteal bypass, 
was a relative indication for operation only if it were 
severe enough to greatly interfere with the patient's 
ability to earn a living. Otherwise, all procedures were 
performed in an attempt to salvage the ischemic 
extremity in lieu of primary amputation. 
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Fic. 1. Age distribution in 137 Femorotibial bypass procedures. 
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Evaluation of Arterial Insufficiency 

The diagnosis of patients with arterial insufficiency 
of the lower extremities was based on standard clinical 
tests. Peripheral ischemia was suspected by the his- 
tory of claudication or rest pain. Clinical tests used 
to confirm the diagnosis of arterial insufficiency were: . 
1) prolongation of the venous filling time, 2) rubor of 
dependency, and 3) pallor of elevation. 

Preoperative arteriograms were performed on all 
patients to identify the anatomy of the known oc- 
clusion. Adequate arteriograms are absolutely essential 
for preoperative evaluation of runoff and for staging 
the extent of occlusive disease. An arteriogram was 
judged as adequate if collateral vessels could be dem- 
onstrated in the region of the nonvisualized main distal 
artery. Such an arteriogram implies that the main con- 
duit is almost certainly occluded. In addition, the 
appearance of the preoperative arteriograms can be 
used to give a prognosis of subsequent limb slavage. 

TABLE 2. Prevalence of Diabetes Mellitus 
in 164 Arterial Reconstructions 
Number Per Cent 
Femorotibial 67/137 48.9 i 
Femoroperoneal 14/27 51.9 v 
Total 81/164 49.4 


` 
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TABLE 3. Associated Diseases in 164 Arterial Recorstructions 
OHD Hypertension CVA Renal 
Number Per Cent Number Per Cent Numoer Per Cent Number Per Cent 
Femorotibial 60/137 43.8 31/137 22.6 7/137 5.1 2/137 [3 
Femoroperoneal 14/27 51.9 6/27 Pe 1/27 3.7 0/27 0 
Total 74/164 45.] 37/164 22.5 8/ €4 4.9 2/164 1/2 





OHD: Organic Heart Disease. CVA: Cerebrovascular Accident. 


Such factors as length, diameter, tortuosity, presence 
of arterial calcification, and presence or absence of 
pedal arches are all related to prolonged graft patency. 


Technique of Infrapopliteal Bypass 


The site for distal anastomosis was based upon 
preoperative arteriography. Available runoff and pa- 
tency of the small vessels determined the anticipated 
procedure. General anesthesia was employed in the 
majority of cases, regional anesthetic techniques were 
used in other patients. A team approach was fre- 
quently used for exposure of the femoral artery and 
the infrapopliteal vessel as well as for harvesting the 
saphenous vein. Careful handling of all tissues and 
vessels was observed, and the saphenous vein was 
distended by manual saline injection. 

Reversed autogenous saphenous veins were used in 
all but six procedures; one femoroperoneal bypass 
with 8 mm Dacron® graft, four femorotibial by- 
passes with 8 mm Dacron grafts, and one femorotibial 
bypass with an arterialized cephalic vein. Bypasses 
were constructed with an end-to-side anastomosis 
proximally to either the common or superficial femoral 
artery and an end-to-side anastomosis distal to the 
infrapopliteal vessel. Intraoperative arteriography was 
used only when a technical problem with arterial 
reconstruction was suspected. 


Determination of Graft Function 


Clinical follow-up of limb salvage and function was 
assessed by follow-up office examination in the majority 
of cases. If patients were unavailable for examination, 
particularly because of geographic factors, follow-up 
was achieved by the referring physician. Postoperative 


arteriography was employed only as deemed necessary 
on the basis cf clinical signs or symptoms. 


Results 
Operative Mortality 


Operative mortality was defined as death within 30 
days of operztion (Table 5). This includes those pa- 
tients who subsequently underwent extremity amputa- 
tion. The operative mortality rate for those patients 
undergoing femorotibial bypasses was 2.2% (3 of 137) 
while that for the femoroperoneal procedure was 0% 
(0 of 27). Operative mortality following subsequent 
amputation wes 12.8% (5 of 39) and 15.4% (2 of 13), 
respectively. The overall mortality for bypass alone 
and subsequen: amputation reported in this series com- 
pares favorably with that reported in the literature.!*:!»:!5 


Initial Graft Function and Limb Salvage 


Bypasses were considered initially functional if 
clinical evidence of graft function persisted 30 days 
postoperatively. Definite evidence of improved arterial 
tissue perfusion based upon symptoms, temperature, 
loss of dependent rubor and loss of pallor of elevation 
were considered a prerequisite of graft patency. 

The initial and cumulative limb salvage rates for 
infrapopliteal bypasses, constructed according to the 
life-table method, are presented in Tables 6 and 7 and 
in Figure 3. The standard error of limb salvage is repre- 
sented by the vertical bars. The initial limb salvage 
rate for femorotibial bypass is 71.2 + 3.9%, and that 
for the femorcperoneal bypasses is 51.9 + 9.6%. The 
cumulative limo salvage rate at five years is 48.5 + 5.2% 
for the femorotibial group and 38.2 + 9.9% for the 
femoroperoneal series. 


TABLE 4. Indications for Operation in 164 Arterial Keconstructions 


Gangrene Ischemic Ulcer Rest Pain Claudication 
Number Per Cent Number Per Cent Number Per Cent Number Per Cent 
Femorotibial 49/137 35.7 38/137 21.7 43/ 37 31.4 7/137 $l 
Femoroperoneal 8/27 29.6 6/27 22.2 11/27 40.7 2/27 7.4 
Total 57/164 34.8 44/164 26.8 54/164 32.9 9/164 5.5 
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TABLE 5. Operative Mortality of Bypass, Subsequent Amputation, 
and Overall Operative Mortality in 164 Arteria! Reconstructions 





Operative Operative Overall 
Mortality of Mortality of Operative 
Bypass Alone Amputatior Mortality 
Num- Per Num- Per Num- Per 
ber Cent ber Cent ber Cent 
l——————————ÁMáM— —XÀ 
Femorotibial 3/137 2.4 5/39 12.8 8/137 5.8 
Femoro- 
peroneal 0/27 0 2/13 15.4 2/27 7.4 
Total 3/164 1.8 7/52 13.5 10/164 6.1 





The results of initial graft patency for material used 
other than reversed autogenous saphenous vein were 
somewhat discouraging. Of the five 8 mm Dacron 
grafts used, three occluded initially including the one 
in the femoroperoneal series. One occluded at six 
weeks, while the remaining one was patent at the time 
of death two years later. The one arterialized cephalic 
vein graft occluded within one month. 


Delayed Graft Occlusion 


Delayed graft occlusions of the infrapopliteal by- 
passes are best illustrated in Figures 3 and 4 as well 
as in Tables 6 and 7. In the femorotibia! series, 20% (19 
of 95) of the grafts at risk failed in the interval from 
one month to one year postoperatively. This resulted in a 
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cumulative patency rate of 56.296 at one year. In the 
femoroperonal series, 14.396 (2 of 14) of the grafts iny 
the same eleven month interval. The accumulated limb 
salvage rate at the end of one year for the femoro- 
peroneal group was thus 43.6%. Figure 4 illustrates 
the distribution of the first year graft failures including 
both groups. Of the 21 first year delayed graft failures, 
52.3% (11 of 21) failed by the end of the third month. 
The subsequent 10 failures were distributed rather 
uniformly over the remaining nine months. Following 
the delayed graft occlusions during the first year, the 
subsequent graft failure rate was low, stabilizing after 
seven years in the femorotibial group with a cumula- 
tive limb salvage rate of 43.496. With regard to the 
femoroperoneal series, the cumulative limb salvage 
rate after two years remained at 38.2% and has re- 
mained at this rate for the length of the follow-up 
period, i.e. for more than five years. 


Discussion 


In patients with a marked ischemia such as frank 
gangrene, severe arterial occlusive disease may in- 
volve the femoral or popliteal artery, and may also 
include the distal vessels. In these patients infra- 
popliteal bypass can be effective in limb salvage. 

There is a tendency for arteriosclerosis to become 
clinically evident in the older patient. This is sup- 
ported by the fact that our average patient was in his 
seventh decade. In addition to advanced age and 


TABLE 6. Life-Table Analysis of 137 Femorotibial Bypasses* 





(A) (B) (C) (D)t (E) (F)§ (G) (H)! 
Interval Interval Cumulative Standard Error 
Interval At Failure Rate Limb Salvage Limb Salvage of Limb Salvage 
K (mo.) Risk Failing Kemoved (96) (96) (96) (%) 
SS a a acannon aera es 
l l 137 39 3 28.8 71.2 11.2 3.9 
2 1-12 95 19 10 21.1 78.9 56.2 4.3 
3 13-24 66 l 12 m 98.3 55.2 4.4 
4 25-36 53 3 17 6.7 93.3 31.5 4.6 
5 37—48 33 0 14 0 100 51.5 4.6 
6 49-60) 19 l 4 5.9 94.1 48.5 5.2 
7 61-72 14 0 4 0 100 48.5 5.2 
8 73-84 10 l l 10.5 89.5 43.4 6.7 
9 85-96 8 0 2 0 100 43.4 6.7 
10 97-108 6 0 0 0 100 43.4 6.7 
11 109— 120 6 0 3 0 100 43.4 6.7 
12 121-132 3 0 0 0 100 43.4 6.7 
13 133—144 3 0 l 0 100 43.4 6.7 
14 145-156 2 0 l 0 100 43.4 6.7 
15 157—168 l 0 0 0 100 43.4 6.7 
* Modified from Wheelock.'*? i F,(G,_,) 3 
* Removed either from death or lost to follow-up. G; = 100 here G, = 1 
: C k E 
t = —— X ; = * 
"gap t UB eR 2 TC I. 


$ F = 100 - E. 
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TABLE 7. Life-Table Analysis of 27 Femoroperonea. Sypasses* 








(A) (B) (C) (D)* (E)t (F)s (G) (Hf 
Interval Inter «al Cumulative Standard Error 
Interval At Failure Rate Limb Salvage Limb Salvage of Limb Salvage 
K (mo.) Risk Failing Removed (95) (Go (%) (%) 
l l 27 13 0 48.1 519 51.9 9.6 
2 1-12 14 2 3 16 84 43.6 9.7 
3 13-24 9 l 2 15 87 5 38.2 9.9 
4 25-36 6 0 0 C 10) 38.2 9.9 
5 37—48 6 0 0 C 10) 38.2 9.9 
6 49—60 6 0 3 C 10) 38.2 9.9 
7 61-72 3 0 2 C 102 38.2 9.9 
8 73—84 l 0 l C 102 38.2 9.9 
* Modified from Wheelock. '” | FK(Gi.ic as. ai 
* Removed either from death or lost to follow-up. e ee 3 — E 
E k E 
t+ E = ——— X »ü BRI e 
B — (D/2) isis L3-C-02 
$ F = 100 - E. 


ischemic disease of the lower extremity, many of these 
patients were afflicted with atherosclerotic coronary 
artery disease. These combinations place the patient 
at high operative risk.'?^? According to the Dripps- 
American Surgical Association classification, greater 
than 90% of our patients were Class III: patients with a 
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severe systemic disease that limits activity, but which 
is not incapecitating; or Class IV: patients with 
incapacitating disease which is a constant threat to 
life.” 

Preoperative indications for infrapopliteal bypass 
are of prime importance in assessing the value of 
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arterial revascularizations.?**!? Severe ischemia of the 
distal lower extremity characterized by rest pain, 
ischemic ulceration, or gangrene was considered an 
absolute indication for attempted revascularization. 
Claudication became a relative indication for arterial 
reconstruction only if it prohibited a patient from earn- 
ing a livelihood. Otherwise, claudication was managed 
conservatively, including frequent clinical evaluation 
to assess the progression of the disease process. 
Cutler et al. have recently reported an increased rate 
of amputation subsequent to graft failure following by- 
pass for claudication as compared to what would be 
expected from more conservative management of this 
symptom.” 

Initial limb salvage can be achieved in over half 
of the patients undergoing infrapopliteal arterial re- 
vascularizations. Greater initial salvage is realized in 
the femorotibial series as compared to that of the 
femoroperoneal group. However, in the long-term 
follow-up, cumulative limb salvage rates tend to level 
off at comparable figures of approximately 40%. 
When initial graft patency is obtained. if patency can 
be maintained through the crucial second and third 
months, long-term patency can be realized in a high 
percentage of patients. Because 52.3% of the first year 
delayed graft failures occurred during the second and 
third months, the question is raised regarding the 
possible role of antiplatelet and/or coagulation-altering 
agents as adjuncts to arterial reconstruction. It is diffi- 
cult to conceive that factors related to initial graft 
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FiG. 4. Distribution of de- 
layed occlusion in infrapop- 
liteal bypasses during the 
first year. 





failure (primarily poor runoff with subsequent graft 
thrombosis) would be operating at such frequency 
during the second and third months. It is equally 
difficult to conceive that distal arteriosclerosis could 
accelerate at such a rate. The factors contributing to 
failure of arterial reconstruction after two to four 
months should be established. 

It is our opinion, therefore, that infrapopliteal arterial 
reconstruction, in an attempt to salvage the severe 


ischemic distal lower extremity, should be considered | 


in lieu of primary amputation in all patients with only 
tibial or peroneal runoff on arteriogram. 

It is only through meticulous data collection and 
standard presentation of data using a standard format 
that interinstitutional results can be analyzed. More 
importantly, graft patency and limb salvage rates using 
different graft materials are impossible to assess with- 
out a standard reporting method. As the search for an 
acceptable alternative to the autogenous saphenous 
vein continues, it is increasingly important to have a 
standard method with which to compare results of 
clinical investigation. 
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Gastroesophageal Scintigraphy to Assess the 
Severity of Gastroesophageal Reflux Disease 


RICHARD A. MENIN, M.D., LEON S. MALMUD, M.D., ROBERT P. PETERSEN, M.D., 


WILLIS P. MAIER, M.D., ROBERT S. FISHER, M.D. 


Thirty-six (36) patients with symptomatic gastroesophageal 
reflux were studied. Symptoms of heartburn, regurgitation 
and dysphagia were scored as to their severity and com- 
pared to quantitative tests of gastroesophageal reflux. Patients 
were studied with the acid reflux test, fiberoptic endoscopy, 
esophageal mucosal biopsy with a pinch forceps, esophageal 
manometry and radioisotopic gastroesophageal scintigraphy. 
Symptoms were scored according to an arbitrary grading 
system as mild, moderate, or severe. There were significant 
correlations between symptoms scores and both the degree 
of endoscopic esophagitis and the gastroesophageal reflux 
indices as measured by the radioisotopic scintiscan, but not 
with the degree of histologic esophagitis or lower esophageal 
sphincter pressure. Review of the fincings suggests the 
following profile for patients who might require antireflux 
surgery: severe symptoms, presence of endoscopic esophagitis; 
resting lower esophageal sphincter pressure below 10 mmHg; 
and gastroesophageal reflux index above 10%. 

EFLUX OF GASTRIC and duodena! contents across 
R the gastroesophageal junction into the esophagus 
can irritate the esophageal mucosa resulting in symp- 
toms such as heartburn, regurgitation, bilious vomit- 
ing and dysphagia. In some patients, symptomatic 
gastroesophageal reflux has been reported in the ab- 
sence of endoscopic or histologic evidence for esopha- 
gitis! * and also with normal resting lower esophageal 
sphincter (LES) pressures.'?*?5 Therefore, one might 
ask what objective parameters correlate with the 
severity of symptoms or the necessity for surgery in 
patients with symptomatic gastroesophageal reflux 
disease. 

The need for data which correlate the results of 
diagnostic tests with the clinical severity of reflux 
esophagitis is underscored by the recent enthusiasm 
for antireflux surgery. Providing the correct diagnosis 
is made, the newer surgical procedures seem to be 
safe and effective.7~'* 
ee a ee 
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Among the many diagnostic tests employed cur- 
rently to evaluate patients with symptomatic reflux 
are barium esophagography with upper gastrointestinal 
roentgenography, barium cine-esophagography, endos- 
copy, esophageal mucosal biopsy, esophageal manom- 
etry, acid perfusion (Bernstein), clearance and re- 
flux (Tuttle) tests, and gastroesophageal scintigraphy. 
Gastroesophageal scintigraphy is a new tubeless 
method for detecting reflux sensitively and quan- 
titatively. 

The purposes of this study were two-fold: 1) to 
assess the utility of gastroesophageal scintigraphy 
in predicting which patients might benefit from 
antireflux surgery; and 2) to compare scintigraphy 
to other methods commonly employed to evaluate 
patients with gastroesophageal reflux disease. 


Methods 


Thirty-six patients, each of whom had symptomatic 
heartburn and a positive acid reflux test, were se- 
lected from the out-patient clinics and the in-patient 
medical services of Temple University Hospital. There 
were 17 men and 19 women, ranging in age from 28 to 
71 years (mean: 49). Symptomatic heartburn was de- 
fined as a burning retrosternal discomfort which 
radiated cephalad and was aggravated by the recum- 
bent position. Twelve of these patients underwent a 
Nissen fundoplication (Table 1). The following diag- 
nostic procedures were performed on each patient. 


Modified Acid Reflux Test" 


A two lumen tube assembly (two polyvinyl catheters 
fused together) was introduced by mouth into the 
stomach. Intraluminal pressure was measured through ` 
a distal side orifice, 1.2 mm in diameter, which was 
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TABLE 1. Patients Operated 


XN CMM LLL 


( Age in Years Indication for Surgery 


Uo ————__————————————— 1l 


39 Intractable symptoms 

64 Intractable symptoms, esophageal hemorrhage 
37 Intractable symptoms, stricture 

55 Intractable symptoms, esophageal hemorrhage 
62 Intractable symptoms 

67 Intractable symptoms, stricture 

67 Intractable symptoms 

31 Intractable symptoms, esophageal hemorrhage 
65 Intractable symptoms 

42 Intractable symptoms, esophageal hemorrhage 
52 Intractable symptoms 

44 Intractable symptoms 
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continuously infused with distilled water by a syringe 
pump at a constant rate of 1.1 ml per minute. Intra- 
luminal pressure was transmitted through a fluid- 
filled catheter to an external transducer (Statham- 
P23BB) with the output graphed on a multichannel 
rectilinear recorder. Intraluminal pH was measured 
by a pH microelectrode, diameter 2.0 mm (Microelec- 
trode, Inc., Londonderry, NH), which was introduced 
through the second polyvinyl catheter with a distal 
end orifice 3.0 mm in diameter located 6 cm proximal 
to the distal pressure orifice. Intraluminal pH was 
transmitted to a Beckman pH meter and graphed on 
the multichannel recorder. The reference pH electrode 
was placed under the tongue. 

Following instillation of 300 ml of 0.1 N hydro- 
chloric acid into the stomach, the tube assembly was 
withdrawn slowly until the distal pressure orifice was 
located in the midportion of the lower esophageal 
sphincter. The pH microelectrode was introduced 
through the second catheter and anchored 5 cm prox- 
imal to the pressure orifice. Intraesophageal pH was 
measured basally and also while the gastroesophageal 
pressure gradient was increased in increments by 
inflating an external abdominal binder. A drop in 
esophageal pH below 4, occurring either spontaneously 
or during manipulation of the gastroesophageal pressure 
gradient, was considered a positive acid reflux test. 


Esophagogastroscopy 


Endoscopic examination was performed with a 
standard flexible fiberoptic panendoscope. Endoscopic 
esophagitis was considered to be present if any of the 
following were observed in the distal esophagus: 
erythema (diffuse reddening of the mucosa as well as 
injection of the vasculature), friability, exudation with 
bleeding, linear erosion, ulceration, or stricture." 
Endoscopic esophagitis was scored as follows: 0 — ab- 
E sent; +1 = hyperemia and edema; +2 = hyperemia, 
edema, friability and exudate; +3 = hyperemia, edema, 
exudate, erosion and/or stricture. 
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Endoscopic Biepsy 


Employing the conventional endoscopic biopsy 
forceps, two to four biopsies were obtained either from 
an area of inflammation, if present, or at a distance of 
5—10 cm. proximal to the squamocolumnar junction 
if the mucosa appeared normal. Histologic esophagitis 
was considered to be present if any of the following 
were observed on the biopsy specimen:!*''®"" prolifera- 
tion of neutrophils in the epithelium or submucosa, 
erosions, proliferation of the basal layer to greater than 
15% of total epithelial thickness, and extension of the 
submucosal papillae to greater than 67% of the total 
epidermal thickness. The last two criteria are relatively 
new and were introduced by Ismail-Beigi and Pope." 
Histologic esophagitis was scored as follows: 0 — ab- 
sent: +1 = abnormalities of basal layer and/or sub- 
mucosal papillae; +2 = abnormalities of basal layer 
or papillae with neutrophils in the epithelium or sub- 
mucosa: +3 = same as +2 with mucosal erosions. 
All biopsies were read blindly by R.P.P. who had no 
knowledge of the patients’ clinical data. 


Esophageal Manometry 


A three lumen tube assembly was employed to study 
esophageal motility. Intraluminal pressures were trans- 
mitted by three water-filled catheters to external 
transducers (Statham-P23BB) with outputs graphed on 
a rectilinear recorder (Beckman). The recording cathe- 
ters were arranged to measure pressures through 
radially oriented side orifices, 1.2 mm in diameter, 
spaced at 5 cm intervals. Each pressure catheter was 
infused with distilled water by a syringe pump at a 
rate of 1.1 ml per minute. Lower esophageal sphincter 
pressure was measured at the midrespiratory excursion 
point, and the intragastric pressure was utilized as a 
zero reference. The manometric system had a pressure 
rise rate of 120 mmHg per second. After the patient 
had rested overnight, the recording assembly was intro- 
duced through the nose into the stomach. When stable 
readings were obtained, the tube assembly was with- 
drawn in increments of 1 cm from the stomach to the 
upper esophageal sphincter, recording at each site for 
one minute. The mean resting pressure of the lower 
esophageal sphincter was the average of six pressures 
recorded at the three pressure orifices during two 
successive station pull-through maneuvers. 


Gastroesophageal Scintiscans*” 


Serial gastroesophageal scintiscans were obtained 
on all patients. After ingesting 200 wCi of """Tc-sulfur 
colloid diluted to 300 ml with water, each patient was 
positioned under the collimator of a gamma camera 
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SYMPTOMS SCORE 
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O 
O +! +2 +3 
ENDOSCOPIC ESOPHAGITIS SCORE 
FiG. |. Endoscopic esophagitis score versus reflux symptoms scores 


in 36 patients with symptomatic gastroesophageal reflux disease. 
The mean + SEM is shown for the symptoms scores. S refers to 
surgical patients. 


(Searle Pho/Gamma HP camera; Des Plaines, IL) in the 
supine position. Timed counts were displayed on the 
console of the gamma camera. Data frcm the gamma 
camera were stored in and processed by g data analyzer 
(Hewlett-Packard 5407A Scintigraphic Data Analyzer; 
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Waltham, MA). The gastroesophageal pressure gradi- 
ent was increased by inflating an abdominal binder i 

increments of 5mmHg to a maximum of 35 mmHg. 
Scintiscans were obtained at 30 second exposures for 
each pressure gradient. Gastroesophageal reflux in- 
dices were computed by comparing light scintillations 
within esophageal and gastric areas of interest. Details 
of this technique have been published previously. All 
scans were interpreted by one of the authors (L.S.M.) 
who had no knowledge of the patients’ clinical status. 


Clinical Symptoms Scoring 


In each patient, the symptoms of reflux including 
heartburn, regurgitation, and dysphagia were scored as 
follows: 1) heartburn: absent —0, present after meals 
—1, during maneuvers which increase intra-abdominal 
pressure— l, in supine position—1, in erect position 
— 1, constant — 1; 2) regurgitation episodes: absent — 0, 
present less than | episode per week — 1, One or more 
but no more than three episodes per week — 2, three or 
more episodes per week —3; 3) dysphagia: absent — 0, 
present two or less episodes per week — 1, three or 
more episodes per week—2. The highest symptoms 
score for the most severe clinical esophagitis was 10. 
Symptom scores were classified as mild three or less, 
moderate four to six, and severe seven to ten. 

The Students t-test was used in the statistical 
analysis of the data.?? 
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ageal biopsy scores versus 
reflux symptoms scores in 
2] patients with sympto- 
matic gastroesophageal re- 
flux diseases. The mean 
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resents nondeterminate. S 
refers to surgical patients. 
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symptoms scores in 36 patients with symptomatic gastroesophageal 


Fic. 4. Gastroesophageal reflux index in percent versus reflux 
reflux disease. S refers to surgical patients. 


, there was evidence of 


Fic. 3. Lower esophageal 
sphincter pressure in mmHg 
versus reflux symptoms 
scores in 36 patients with 
symptomatic gastroesoph- 
ageal reflux disease. S re- 
fers to surgical patients. 
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Results 


Based on clinical symptom scoring, nine patients 
had mild esophagitis, 16, moderate esophagitis, and 11 


had severe disease. Twelve patients underwent anti- 
reflux surgery (Nissen Fundoplication). In general, the 
severity of endoscopic esophagitis correlated with the 
severity of symptoms (Fig. 1). In patients with severe 
endoscopic esophagitis, the symptom score was 7.0 
+ 0.5 (mean + SEM) compared to 3.7 + 0.4 (p < 0.001) 
for patients in whom the esophageal mucosa appeared 
normal. With moderate endoscopic esophagitis, the 
symptom score was 5.7 + 0.4. This too was signifi- 
cantly higher (p < 0.001) than in those with a normal 
mucosal appearance but was less (p < 0.05) than in 
those with severe endoscopic esophagitis. While five 
patients with moderate to severe symptoms had no 
endoscopic evidence of disease, Grades 2 and 3 endo- 
scopic esophagitis were not observed in patients with 


Two patients without endoscopic 


esophagitis were subjected to antireflux surgery. In 


mild symptoms. 


both of these cases the indication for surgery was 


intractability of symptoms. 


The severity of histologic esophagitis did not cor- 
relate with clinical symptoms scoring (Fig. 2). Esoph- 


ageal mucosal biopsies could not be interpreted in four 


In either case, the severity 


f 21 patients. In 14 of 17 patients in whom the biopsy 


specimens could be scored 
histologic esophagitis. 


y? 
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24 tests. The symptoms scores correlated with the sever- 
Ity of endoscopic esophagitis and the quantity of 


e? gastroesophageal reflux, but not with the resting lower Y 

20 esophageal sphincter pressure or the presence or 
severity of histologic esophagitis. 

I8 There was a strong correlation between symptoms 


and endoscopic esophagitis. Not only the presence, 
but also the severity of endoscopic esophagitis was 
l4 related to the severity of symptoms. Unfortunately, 
the scoring of endoscopic esophagitis is subjective 


GASTROESOPHAGEAL REFLUX INDEX (95) 








































































































le and might vary among different observers. There was 

iO no relationship between the severity of histologic 
esophagitis and symptoms scores. Biopsy specimens 

8 were obtained with a pinch forceps via the endoscope. 

" Specimens obtained in this manner were fragmented 
and were smaller than those which would have been 

4 = — 
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| BEFORE 6 WK AFTER 
NON-OPERATED 
PATIENTS OPERATED PZTIENTS 
FIG. 5. Gastroesophaged reflux indices in per cent in 24 unoperated 
patients with symptomatic reflux and in 12 patients subjected to 


antireflux surgery. Pre- and postoperative reflux indices are shown. 
The mean * SEM is shown for the gastroesophzgeal reflux indices. 





É j j E 20mm Hg 20mm Hg 
and in 23 of 27 patients with moderate or severe clinical 


esophagitis. Furthermore, in nine of I2 patients sub- 
jected to antireflux surgery, resting lower esophageal 
sphincter pressures were less than 10 mmHg. 

There was a significant linear relationship, (r: 0.7) 
between the severity of clinical symptoms and the 
radioisotopic gastroesophageal reflux index (Fig. 4). The 
reflux index was greater than 10% in all patients with 
severe clinical symptoms, and in 11 of 12 patients who 
required antirefiux surgery. The mean gastroesoph- 
ageal reflux index in surgical patients, 18.5 + 2.9%. 
was significantly higher than in nonoperated patients, 
8.5 + 1.476 (p < 0.01). Furthermore, reflux was de- 
creased significantly to a normal value of 2.1 + 1.2% 
(p « 0.001) after surgery (Fig. 5). Serial gastroesoph- 
ageal scintiscans before and after Nissen fundoplication 
in a single patient are illustrated (Fig. 6). Visible gastro- 35mm Hg 35mm Hg 
esophageal reflux was eliminated by the surgical pro- 
cedure. Corresponding gastroesophageal reflux indices 
in this patient were 28.3% preoperatively and 1.5%, 
after surgery. 





30mm Hg 30mm Ha 








Discussion 


In this study the severity of reflux symptoms in pa- FiG. 6. Serial gastroesophageal scintiscans in a single patient with 


. à : "M USE symptomatic reflux at graded gastroesophageal pressure gradients Y 
tients with gastroesophageal reflux disease was scored before and after Nissen fundoplication. Note that the esophagus 


and compared with the results of several diagnostic is not visualized postoperatively. 
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obtained with a suction biopsy instrument. Neverthe- 
less, pinch forceps biopsies were employed because 
the majority of clinical gastroenterologists obtain 
their biopsy specimens in this manner. The data were 
limited in that biopsy specimens were available in only 
21 of 36 patients and could not be interpreted in four 
of these. When the criteria of Ismail-Beigi and Pope! 
were used, the incidence of histologic esophagitis in- 
creased from eight out of 17 (47%) with the old criteria! 
to 14 of 17 (82%). Although in this study, esophageal 
mucosal biopsy using a pinch forceps was not a reliable 
method for estimating the severity of clinical gastro- 
esophageal reflux disease, it was a reasonable screening 
technique for determining its presence (82% sensitivity). 

Symptoms of esophagitis did not correlate with 
resting lower esophageal sphincter pressure, however, 
85% of patients with severe or moderate symptoms 
had lower esophageal sphincter pressures below 10 
mmHg. These data suggest that sphincter pressure alone 
does not explain the incidence and severity of 
symptoms. 

Of the parameters studied, the radioisotopic gastro- 
esophageal reflux index correlated best with the sever- 
ity of clinical symptoms. The evidence would suggest 
that severe clinical gastroesophageal reflux disease 
would be unusual with a reflux index of less than 10%. 
As calculated, the reflux index is a measure not only 
of the quantity of reflux, but also of esophageal clear- 
ance. The reflux index reflects the contact time between 
the esophageal mucosa and the gastric refluxate. One 
might predict that this parameter would correlate with 
the severity of symptoms. 

-= Finally, these observations may be utilized to predict 
which patients might benefit from or require antireflux 
surgery. Although no single diagnostic test will answer 
this question, analysis of the data suggests the following 
profile for surgical patients; presence of endoscopic 
esophagitis; resting lower esophageal pressure below 
10 mmHg; and gastroesophageal reflux index above 
10%. The presence of these abnormalities does not 
necessitate surgery, but, more importantly, the pres- 
ence of severe heartburn-like symptoms in the absence 
of these abnormalities suggests that diagnoses other than 
gastroesophageal reflux disease should be considered. 


N 


. Ismail-Beigi F Pope CE, III. 


. Tuttle 
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Early Postoperative Small Bowel Obstruction 


JOHN C. QUATROMONI, M.D., LEONARD ROSOFF, SR., M.D., JAMES M. HALLS, M.B., ALBERT E. YELLIN, M.D. 


The hospital records of 41 patients with a diagnosis of early 
postoperative small bowel obstruction were reviewed in an 
attempt to identify criteria which could be used to separate 
those patients who would require an operation to resolve their 
obstruction, from those who would resolve with nonoperative 
therapy. The usual symptoms, signs and roentgenologic 
changes seen with mechanical bowel obstruction were not use- 
ful discriminants in making such a determination. All patients 
were initially treated nonoperatively with intestinal intubation, 
antibiotics and parenteral fluids. Thirty patients resolved with- 
out an operation and 11 required an operation. There was one 
death in the latter group, an overall mortality of 2.4%. Initial 
nonoperative therapy is warranted in such patients. 


HE CLINICAL DIFFERENTIATION of paralytic ileus 
E from early postoperative mechanical small bowel 
obstruction is difficult. The usual signs and symptoms 
of small bowel obstruction are tenuous criteria on 
which to base this diagnosis in the early postoperative 
period because abdominal pain, nausea, abdominal 
distension and the absence of flatus or bowel move- 
ments are frequently normal sequelae of abdominal 
surgery. These same signs and symptoms may, how- 
ever, be indicative of paralytic ileus ør mechanical 
obstruction. It is even more difficult to separate those 
patients with mechanical obstruction whose obstruc- 
tion is due to such causes as adhesions. volvulus, in- 
ternal hernia, etc. and who will require surgical cor- 
rection of their obstruction, from those patients with 
inflammatory bowel obstruction, who will likely re- 
cover without requiring operative intervention. ! 

Early diagnosis should permit prompt institution of 
appropriate treatment in each group and might well af- 
fect ultimate mortality and morbidity. 


Subjects and Methods 


The hospital records of 41 patients were reviewed, 
who initially were operated on at the Los Angeles 
County-USC Medical Center in the six-year period 
between May 1971 and May 1977 and who had a diag- 
nosis made of mechanical bowel obstruction within 
30 days of their initial surgery. Patients with a specific 
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diagnosis of paralytic ileus were excluded from this 
review. 

Criteria were sought which might be used to identify 
patients who could safely be treated nonoperatively 
from those who would require operative intervention. 

The majority of female patients who underwent 
gynecologic surgery were cared for in separate facility 
and were not included in this review. 

There were 35 male and six female patients, whose 
ages ranged from 16 to 69 years, with a mean age of 
36 years. Thirty-three patients initially had emergency 
surgical procedures, 17 of which were for trauma. 
Twenty-two patients initially had operations on their 
appendix, colon or rectum (Table 1). 


Diagnosis 


The diagnosis of postoperative bowel obstruction 
was based on the presence of one or more of the usual. 
signs or symptoms of bowel obstruction, such as ab- 
dominal distension, intestinal colic, obstructive bowel 
sounds, or absence of flatus or stool (Table 2). 

Nausea and vomiting were uncommon findings, pre- 
sumably due to the almost routine use of gastric decom- 
pression following celiotomy. The most common symp- 
tom was cramping abdominal pain, usually referred to 
as "gas pains'' by the patient. Despite gastric decom- 
pression, abdominal distension was the most common 
physical sign. Typical obstructive bowel sounds were 
present in only 16 patients (3976) and only five pa- 
tients (12%) manifested complete absence of passage 
of flatus or stool. 

Fever occurred in 16 patients (39%) and leucocyto- 
sis in 23 patients (56%). Fifteen patients (36%) were 
both afebrile and had normal white blood counts. 

Forty of 41 patients had plain roentgenograms (scout 
film and left lateral decubitus) of the abdomen taken. 
The single exception was a patient who was operated 
on exigently, when a palpable abdominal mass devel- 
oped, thought to be due to a small bowel volvulus. 
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TABLE 1. Initial Surgical Procedure 








Site of Lesion Elective Emergency Total 
Colorectal 6 5 11 
Appendix 0 11 11 
Liver/spleen 0 7 7 
Stomach/duodenum 2 4 6 
Small bowel 0 3 3 
Suspected trauma 0 "3 E. 

Total 8 33 4] 





Thirty-six patients had a roentgenographic diagnosis 
of mechanical bowel obstruction. Roentgenograms of 
four patients were nondiagnostic. No roentgenographic 
diagnosis of paralytic ileus was made. An oral tracer 
of barium sulfate was given to 20 patients. Barium 
passed into the colon in seven patients, but was ar- 
rested at a presumed site of obstruction in 13 patients. 


Treatment 


All patients were initially treated with intestinal 
decompression, antibiotics and parenteral fluids. Miller- 
Abbott, Cantor or Dennis tubes were used for intestinal 
intubation. Six patients, who had persistent evidence 
of obstruction not relieved by intestinal tube decom- 
pression, were operated on. An additional five patients 
had an acute change in their clinical findings which 
became the primary indication for surgery. Two of 
these patients developed a palpable mass, one devel- 
oped sudden fever, one developed roentgenologic 
changes consistent with volvulus and one lost all 
evidence of bowel function. 


Results of Treatment 


Thirty patients had resolution of all evidence of 
bowel obstruction after initial nonoperative therapy 
(Table 3). Two of three patients initially treated with 
nasogastric tubes failed to decompress. Decompres- 
sion and resolution occurred when the nasogastric 
tube was replaced with a long intestinal tube. Signs 
of obstruction resolved within seven days of non- 
operative therapy in 19 patients and within 14 days in 
an additional seven patients. Four patients required 
more than 14 days prior to resolution (Table 4). Non- 
operative therapy ranged from one to 28 days, with a 
mean of 17 days. There were no deaths in this group 
of patients. One patient developed an entercutaneous 


TABLE 2. Diagnostic Criteria 








Signs and Symptoms Patients Per Cent 
Distension 30 73 
Intestinal colic 28 68 
Obstructive bowel sounds 16 39 


Obstipation 5 12 
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TABLE 3. Results of Initial Treatment 


Patients Deaths 





Resolved: no surgery 30 0 
Operation requi-ed 11 | 





fistula three months later which required surgical cor- 
rection. He ther required surgery for a mechanical 
bowel obstruction one year later. One patient required 
surgery for correction of a mechanical small bowel 
obstruction which occurred after an interval of eight 
months. 

Eleven patients required surgery to correct their 
bowel obstruction following an initial period of non- 
operative therapy. At celiotomy a definite site of 
mechanical obstruction was confirmed in 10 patients 
(Table 5). One patient, who had transrectal drainage 
of a large pelvic abscess, was presumed to be mechani- 
cally obstructed by the abscess. Adhesions were the 
primary etiologic factor in the obstructions, causing 
a simple obstruction in five patients, and acting as the 
pivot point for volvulus in three patients. There was 
one death in this zroup of 11 patients (9%). This patient 
was operated on within 48 hours of the onset of symp- 
toms of obstruc.ion and was found to have a small 
bowel volvulus with necrotic intestine and a disrupted 
pyloroplasty. Hə died of septic complications six 
weeks later. 


Discussion 


The signs and symptoms commonly associated with 
mechanical bowel obstruction are usually present in pa- 
tients who develop early postoperative bowel obstruc- 
tion (Table 2). These signs and symptoms cannot be 
used to separate, early in their postoperative course, 
those patients wno will require surgery to resolve their 
bowel obstruction from those who will resolve with 
nonoperative therapy (Table 6). 

Cramping abdominal pain and abdominal distension 
are frequently noted in both groups of patients.* The 
characteristic pattern of obstructive bowel sounds was 
more commonly heard in patients who ultimately re- 
quired an operazon, but also were present in almost 
one-third of the nonoperated group. It is noteworthy 
that the majority of patients in both groups continued 
to pass some fla-us or stool during the time they mani- 


TABLE 4. successful Response to Nonoperative 
Therapy in 30 Patients 








Days Number 
0-7 19 
8-14 T 
15-21 3 

22-23 | 
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TABLE 5. Findings at Operation in !1 Patients 
Pathology Patients Deaths 
Adhesions 5 0 
Volvulus 3 | 
Abscess 2 0 
Intussusception l 0 





fested other evidence of bowel obstruction. This finding 
has been noted by others.?*5 Excessive reliance on this 
finding, which seemingly suggests resolution of ob- 
struction, can lull the clinician into continuing non- 
operative therapy, and delay an otherwise necessary 
operation. 

Following their initial surgery, approximately one- 
half of the patients in both groups had an interval of 
apparently normal gut function prior to the onset of 
evidence of bowel obstruction. This was manifested 
by active peristalsis, passage of flatus or stool, and 
the ability to tolerate an oral diet. Six of the 11 pa- 
tients who ultimately required surgery had such a latent 
or "normal" interval, which ranged from one to 19 
days. Evidence of early normal gut function may be 
immediately followed by mechanical bowel obstruc- 
tion. Fourteen of the 30 patients who were successfully 
treated nonoperatively had a similar latent period of 
apparently normal gut function. This persisted for 13 
days in one patient and 20 days in ancther. 

The presence or absence of fever or leucocytosis, 
singly or in combination, cannot be usec to discriminate 
between the two groups.?? Plain films of the abdomen. 
when initially reported, were thought to indicate 
mechanical bowel obstruction in 36 patients, including 
the eleven patients who ultimately required an opera- 
tion. Six of the eleven patients were given an oral 
tracer of barium sulfate, attempting to confirm obstruc- 
tion or demonstrate patency of the GI tract. In three 
patients barium passed into the colon, thereby delaying 
the diagnosis of mechanical obstruction and delaying 
the subsequent operation. 

The plain films of 26 of these patients were still 
available for review when this report was compiled. 
They were submitted to a senior staff radiologist for 


TABLE 6. Frequency of Findings in Patients Who Required 
Operation or Resolved Without Operation 








Operation No Operation 

11 Patients 30 Patients 
Distension 9 (82%) 21 (70%) 
Intestinal colic 8 (73%) 20 (67%) 
Obstructive bowel sounds 7 (64%) 9 (30%) 
Normal gut function 6 (55%) 14 (47%) 
Leukocytosis 5 (45%) 18 (60%) 
Fever 4 (36%) 12 (40%) 
Obstipation 3 (27%) 2 (7%) 
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TABLE 7. Retrospective Interpretation of Roentgenogram 
ae ee ae Cee ERES 





No 
Patients Operation Operation 
Mechanical obstruction 13 (36) 10 3 
Paralytic ileus 13 (0) 11 2 





( ) = Results of initial review. 


review. He had no knowledge of the clinical findings 
or outcome in any case. The interpretation of the 
radiologic findings on this retrospective review dif- 
fered markedly from the initial reports (Table 7). 
The plain films of 13 patients were reported as being 
characteristic of paralytic ileus. Two of these re- 
quired surgery and had a definite mechanical bowel 
obstruction demonstrated at celiotomy. It is appar- 
ent that interpretation of the plain films of the 
abdomen is variable and that they cannot accurately 
discriminate between the two groups of patients. 

Although it is the usual policy to operate on pauents 
with an established diagnosis of mechanical bowel 
obstruction, these 41 patients, presumed to have an 
early postoperative mechanical (inflammatory or other) 
bowel obstruction, were initially treated nonopera- 
tively, with complete resolution of signs of bowel 
obstruction in 30 patients. There was one death (2.492) 
in the entire group of patients. 

The diagnosis of mechanical bowel obstruction in the 
early postoperative period requires a high index of 
suspicion. The usual symptoms, signs and roent- 
genologic changes seen with mechanical bowel ob- 
struction are not helpful in determining which patients 
can safely be treated nonoperatively and which will 
require surgery. In the absence of signs of ischemic 
bowel, all such patients may be initially treated with 
intestinal intubation, antibiotics and parenteral fluids. 
Most patients will respond to such therapy within ten 
days. Failure to respond to such therapy or any evi- 
dence of clinical deterioration are indications for 
celiotomy. 
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single-drudgico 


an aerobic/anaerobic spectrum' efficacy in a wide range 
that includes of infections' caused by 
Bacteroides fragilis single or multiple pathogens 


* Active against most aerobic pathogens — gram-negative * Effective in a wide range of infections*— such as: 

as well as gram-positive peritonitis 
* Active against most anaerobic pathogens — including intra-abdominal abscess 

B. fragilis skin and skin-structure infections 
* Active against most f-lactamase-producing strains that 

destroy the activity of many cephalosporins and penicillins * due to susceptible strains of indicated bacteria at indicated sites T 
Not active against most strains of Pseudomonas aeruginosa ' In vitro activity does not necessarily imply mn vivo effectiveness. 
and enterococci (e.g., Streptococcus faecalis) and many (1)MEFOXIN is often referred to as a cephamycin in the scientific 
strains of Enterobacter cloacae. Methiciltin-resistant staphy- literature. 
lococci are almost uniformly resistant to MEFOXIN® (Cefoxitin 
sodium, MSD). 
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E Mefoxin . 
aE. Cefoxitin Sodium MSD 


VIALS. containing 1 gram and 2 grams cefoxitin equivalent 


profile of: 


ectrum 


efficacy 
- safety 


safety 
comparable 
to cephalothin 


Generally well tolerated, the most common adverse reaction 
being local reactions following IV or IM injection. Contra- 
indicated in patients who have shown hypersensitivity to cefox- 
itin and the cephalosporin group of antibiotics. Give with 
caution to penicillin-sensitive patients. Antibiotics should be 

a administered with caution to any patient who has demon- 

' strated some form of allergy, particularly to drugs. If an allergic 
reaction to cefoxitin occurs, discontinue the drug. Serious 
hypersensitivity reactions may require epinephrine and other 
emergency measures. Use of the drug in women of child- 
bearing potential requires that the anticipated benefit be 
weighed against the possible risk. 







A SIMP_E AND FAMILIAR DOSAGE REGIMEN 


Usual Adult Frequency and 
Type of Infection Daily Dosage Route 


Uncomplicated forms? of infections 1 gram every 6-8 
such as pneumonia, urinary tract hours IV or IM 
infection, cutaneous infection 















3-4 grams 











1 gram every 
4 hours or 2 qrams 
every 6-8 hours IV 





Moderately severe or severe 
infections 






6-8 grams 














2 grams every 
4 hours or 3 grams 
every 6 hours IV 


Infections commonly needing anti- 
biotics in higher dosage (e.g., gas 
gangrene) 






12 grams 


tincludina patients in whom bacteremia is absent or unlikely 
~ F 


For full details oncosage, see Prescribing Information 


*due to susceptibie strains of indicated bacteria at MSD 
indicated sites 





For a brief summary of prescribing information, please 
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eiloxin 
(Cefoxitin Sodium MSD) 


Indications: Treatment of serious infections caused by susceptible strains of the desig- 
nated microorganisms in the following diseases: 

LOWER RESPIRATORY TRACT INFECTIONS. including pneumonia and lung abscess, 
caused by Streptococcus pneumoniae (formerly Diplococcus pneumoniae), other 
streptococci (excluding enterococci, e.g., Strep. faecalis), Staphylococcus aureus 
(penicillinase and non-penicillinase producing), Escherichia coli, Klebsiella species, 
Hemophilus influenzae, and Bacteroides species. 
GENITOURINARY INFECTIONS. Urinary tract infections causec by E. coli, Klebsiella 
species, Proteus mirabilis, indole-positive Proteus (i.e. , P merganii, P. rettgeri, 

and P. vulgaris), and Providencia species. Uncomplicated gonorrhea due to N. 
gonorrhoeae. 

INTRA-ABDOMINAL INFECTIONS, including peritonitis and intra-abdominal abscess, 
caused by E. coli, Klebsiella species, Bacteroides species including the B. fragilis 
group, and Clostridium species. 

YNECOLOGICAL INFECTIONS, including endometritis, pelvic cellulitis, and pelvic in- 
flammatory disease, caused by E. coli, N. gonorrhoeae, Bacteroides species including 
the B. fragilis group ,+ Clostridium species, Peptococcus species, Peptostreptococcus 
species, and group B streptococci. 

SEPTICEMIA caused by Strep. pneumoniae (formerly D. pneumoniae), Staph. aureus 
(penicillinase and non-penicillinase producing), E. coli, Klebsiella species, and Bacte- 
roides species including the B. fragilis group. 

BONE AND JOINT INFECTIONS caused by Staph. aureus (penicillinase and non- 
penicillinase porian. 

SKIN AND SKIN STRUCTURE INFECTIONS caused by Staph. aureus (penicillinase and 
non-penicillinase producing), Staph. epidermidis, streptococci (excluding enterococci, 
e.g., Strep. faecalis), E. coli, P. mirabilis, Klebsiella species, Bacteroides species in- 
cluding the B. fragilis group,+ Clostridium species, Peptococcus species, and Pepto- 
Streptococcus species. 

Although appropriate culture and susceptibility studies should be performed, ther- 

apy may be started while awaiting these results. Cefoxitin is not active in vitro 

against most strains of Pseudomonas aeruginosa and enterocccci (e.g., Strep. 
faecalis) and many strains of Enterobacter cloacae. Methicillin-"esistant staphylo- 
cocci are almost uniformly resistant to cefoxitin. 

Contraindications: Previous hypersensitivity to cefoxitin and the cephalosporin 

group of antibiotics. 

Warnings: BEFORE THERAPY IS INSTITUTED, CAREFUL INQUIRY SHOULD BE MADE 
TO DETERMINE PREVIOUS HYPERSENSITIVITY REACTIONS T2 CEFOXITIN, CEPHA- 


LOSPORINS, PENICILLINS, OR OTHER DRUGS. GIVE WITH CAUTION TO PENICILLIN- 


SENSITIVE PATIENTS. ANTIBIOTICS SHOULD BE ADMINISTERED WITH CAUTION TO 
ANY PATIENT WHO HAS DEMONSTRATED SOME FORM OF ALLERGY, PARTICULARLY 
TO DRUGS. IF AN ALLERGIC REACTION TO CEFOXITIN OCCURS. DISCONTINUE THE 
DRUG. SERIOUS HYPERSENSITIVITY REACTIONS MAY REQUIRE EPINEPHRINE AND 
OTHER EMERGENCY MEASURES. 

Precautions: The total daily dose should be reduced in patients with transient or persist- 
ent reduction of urinary output due to renal insufficiency because high and prolonged 
serum antibiotic concentrations can occur in such individuals from usual doses. As with 
other antibiotics, prolonged use may result in overgrowth of nonsusceptible organisms: 
repeated evaluation of the patient's condition is essential. If superinfection occurs, take 
appropriate measures. Increased nephrotoxicity has been reported following concomi- 
tant administration of cephalosporins and aminoglycoside antibiotics. 

Interference with Laboratory Tests—As with cephalothin, high concentrations ( > 100 
mcg/ml) may interfere with measurement of serum and urine creatinine levels by the 


Jaffé reaction and produce false increases of modest degree in creatinine levels reported: 


serum samples should not be analyzed for creatinine if withdraw within 2 hours of ce- 
foxitin administration. A false-positive reaction for glucose in urine has been observed 
with CLINITESTS reagent tablets. 

Pregnancy— n women of childbearing potential, weigh anticipated benefit against 
possible risks. 

Nursing Mothers —Cefoxitin is excreted in human milk in low concentrations. 

Infants and Children— Safety and efficacy in infants and children have not yet been 
established. 

Adverse Reactions: The most common adverse reactions have been local reactions fol- 
lowing intravenous or intramuscular injection. Other adverse reactions have been en- 
countered infrequently. Local Reactions — Thrombophlebitis with intravenous 
administration; pain, induration, and tenderness after intramuscular injections. Allergic 
Reactions — Rash, pruritus, eosinophilia, fever, and other allergic reactions. Gastroin- 
testinal — Nausea, vomiting, and diarrhea. Blood — Transient leukopenia, neutropenia, 
and hemolytic anemia; a positive direct Coombs test may develop in some individuals, 
especially those with azotemia. Liver Function — Transient elevations in SGOT, SGPT. 
serum LDH, and serum alkaline phosphatase. Renal Function — Elevations in serum 
creatinine and/or blood urea nitrogen levels. 

Note: In group A beta-hemolytic streptococcal infections, therapy should be maintained 
for at least 10 days to guard against the risk of rheumatic fever or glomerulonephritis. In 
staphylococcal and other infections involving a collection of pus, surgical drainage 
should be carried out where indicated. Intramuscular injections should be well within 
the body of a relatively large muscle such as the upper outer quacrant of the buttock 
(i.e., gluteus maximus): aspiration is necessary to avoid inadvertent injection into a 
blood vessel. 

How Supplied: Sterile cefoxitin sodium in vials and infusion bottles containing 1 gram 
or 2 grams cefoxitin equivalent. 

For more detailed information, consult your MSD representative or see full prescrib- 
ing information. Merck Sharp & Dohme, Division of Merck & Co., Inc. West Point, 
Pa. 19486 

+B. fragilis. B. distasonis, B. ovatus, B. thetaiotaomicron. B. vulgatus MSD 


* Registered trademark of Ames Company. Division of Miles Laboratories. Inc 
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Surgical Pediatrics 


Nonoperative Care, Second Edition 


Edited by STEPHEN L. GANS, M.D. 


FROM THE BOOK: “The crossroads of pediatric 
and surgical care is at the bedside of the seriously 
ill child with a surgical problem. The family has 
the right to expect and receive a package of services 
varying from the delivery of competent surgical 
technical care to the support of the family in a 
crisis, or from skillful medical management to 
family counseling. ” 

CONTENTS: C. E. Koop, The Surgeon, Physi- 
cian, Child, and Family: Interpersonal Relation- 
ships. C. E. Koop, The Seriously Ill or Dying 
Child: Supporting the Patient and Family. T. S. 
Morse, Transportation of Sick and Injured Chil- 
dren. T. E. Lobe, Initial Evaluation and Early 
Management of the Injured Child. P. Kottmeier, 
Pediatric Emergency Room Service. M. M. Wool- 
ley, The Environment for Pediatric Surgery. A. M. 
Broennle, Anesthesia for the Pediatric Patient. R. 
G. Kettrick, Postoperative Respiratory Care in In- 
fants and Children. N. J. Sherman and M. J. Asch, 
Vascular Access. R. J. Andrassy and M. J. Asch, 
Fluid and Electrolyte Management in the Pediatric 
Surgical Patient. R. M. Filler, Intravenous Nutri- 
tion. H. J. Sacks, Blood and Its Components in 
Transfusion Therapy. C. H. Hurvitz, Hematologic 
Considerations in the Surgical Patient. J. W. St. 
Geme, Jr., Nosocomial Infections. M. M. Woolley, 
Infections in the Surgical Patient. B. M. Kagan, 
Antimicrobial Therapy. H. S. Traisman, Surgery 
in the Child with Diabetes Mellitus. M. C. Wilson, 
Genetic Counseling. P. S. Bergenson, Metrication; 
The International System Units. 


1979, 320 pp., $32.50 ISBN: 0-8089-1197-X 


Renal Function 
in Anaesthesia and 
Surgery 


By DAVID R. BEVAN 


The book presents those advances relevant to the 
clinical care of the patient with threatened or exist- 
ing renal dysfunction during the operative period. 
The effects of anesthesia and surgery upon renal 
function are discussed and the various problems 
that may be encountered are described. The pre- 
vention, diagnosis and early management of renal 
failure in the post-operative period are also dis- 
cussed in detail. Separate chapters are devoted to: 
Anatomy; The Renal Circulation: Osmoregulation 
and the Excretion of Water; Excretion of Solute; 
Acid-Base Control by the Kidney; Renal Function 
Tests; Drugs and the Kidney; Anesthesia and the 
Kidney; Methoxyflurane Nephrotoxicity; Surgery 
and the Kidney; Pathogenesis of Acute Renal Fail- 
ure; Post-operative Renal Failure; Hepato-renal 
Syndromes; Chronic Renal Failure. 

1979, 240 pp., $35.00 ISBN: 0-8089-1160-0 

Edition for the Americas published by Grune & Stratton. 
Send payment with order and save postage and 
handling charge. 

Prices are subject to change without notice. 


GRUNE&STRATTON 


A Subsidiary of Harcourt Brace Jovanovich, Publishers 


111 FIFTH AVENUE, NEW YORK, N.Y. 10003 
24-28 OVAL ROAD, LONDON NWI 7DX 


Now available for intravenous 37A 
IVC interruption procedures 





Red Extraction 
Stopcock Wheel! Venogram 
Stopcock 


The Hunter-Sessions 
Vena Cava Occluder 


Ten years of clinical use have demonstrated efficacy and safety 


This sophisticated, precision instrument has been carefully designed to 
provide therapeutic and procedural advantages over other methods of 
transvenous IVC interruption: 


Heparin 
Stopcock 


« No sharp edges, pins or points to perforate IVC wall and jeopardize 
retroperitoneal structures 

* Uses transjugular placement 

Simultaneous anticoagulation — safe and desirable 

Allows complete, controlled IVC occlusion 

Adapts to any diameter IVC 

e Requires only /oca/ anesthesia 

« Allows concomitant venography for guidance and confirmation of 
placement 


For more detailed information, copies of published references, or to 
request a showing of the 15-minute procedural fi m demonstrating actual 
use of the Occluder, return the coupon, or call directly to: 


CRITICAL CARE 
A PRODUCTS 


12707 U.S. 19 So., Clearwater, FLA 33516, (813) 536-2791 
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Balloon Heparin- Inflation 
Venogram Ports Needle 





Mail to Concept, Inc. 12707 U.S. 19, South, Clearwater, FLA 33516 


Send me the following: 


More detailed information Copies of published references 

















A film reservation form _______| want to order this instrument 
Name , M.D. 
Address 
City ae Fo i E 





SS — — — — — — "1 
a ép cupi A Gp. usb unquam uum ume sud 


Hospital affiliation if different than address above: 





iet e Injection 5mg./ml. 


pro ch lorperazin 





394 


. € ‘promptcontrol 
~Of severe 





nausea and vomiting. 


* Unsurpassed antiemetic action 
*12 dosage forms and strengths 


-mpazine 


brand of 


prochlorperazine 


NOTE: Do not use 'Compazine' in pediatric surgery. 
Not recommended for children under 20 Ibs. or 2 years 
of age. In children with acute illnesses or dehydration, 
use only under close supervision. 


Before prescribing, see complete prescribing information 
in SK&F literature or PDR. The following is a brief 
summary. 

Indications: Management of the manifestations of psy- 
chotic disorders; management of psychoneurotic patients 
displaying primarily symptoms of moderate to severe 
anxiety and tension; and for control of severe nausea 

and vomiting. 


‘Compazine’ has not been shown effective in the manage- 
ment of behavioral complications in patients with mental 


^^*retardation. 


Contraindications: Comatose or greatly depressed states 
due to C.N.S. depressants; bone marrow depression; 
pediatric surgery. 

Warnings: The extrapyramidal symptoms which can occur 
secondary to 'Compazine' may be confused with the 
central nervous system signs of an undiagnosed primary 
disease responsible for the vomiting, e.g., Reye's syn- 
drome or other encephalopathy. The use of 'Compazine' 
and other potential hepatotoxins should be avoided in 
children and adolescents whose signs and symptoms 
suggest Reye's syndrome. 


Avoid using in patients hypersensitive (e.g., blood dyscrasias 
or jaundice) to any phenothiazine. Caution patients about 
activities requiring alertness (e.g., operating vehicles or 
machinery) especially during the first few days' therapy. 
Prochlorperazine may intensify or prolong the action of 
other C.N.S. depressants. Not recommended for children 
under 20 pounds or 2 years of age. 


Use in pregnancy only when potential benefits outweigh 
hazards. 


Precautions: The antiemetic action of 'Compazine' may 
mask the signs and symptoms of overdosage of other drugs 
and may obscure the diagnosis and treatment of other 
conditions such as intestinal obstruction, brain tumor and 
Reye's syndrome (See WARNINGS ). Postoperative aspiration 
of vomitus has occurred in a few surgical patients who 
received prochlorperazine as an antiemetic. Deep sleep and 
coma have been reported, usually with overdosage. Patients 
on long-term therapy, especially high doses, should be 
evaluated periodically for possible adjustment or discon- 


tinuance of drug therapy. In children with acute illnesses or 
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dehydration, use only under close supervision. 


Adverse Reactions: Drowsiness, dizziness, amenorrhea, 
blurred vision, skin reactions. Hypotension. Cholestatic 
jaundice, leukopenia, ag-anulocytosis. Fatty changes in the 
liver have been observed in a few patients who died while 
receiving the drug (no causal relationship has been estab- 
lished). Neuromuscular (extrapyramidal) reactions: motor 
restlessness, dystonias, pseudo-parkinsonism, persistent 
tardive dyskinesia. Contact dermatitis is a possibility with 
concentrate and injectable forms. 


Other adverse reactions reported with Compazine 
(prochlorperazine, SK& F) or other phenothiazines: Some 
adverse effects are mors frequent or intense in specific 
disorders (e.g., severe hypotension in mitral insufficiency 
or pheochromocytoma. 


Grand mal convulsions; altered cerebrospinal fluid proteins; 
cerebral edema; prolongation and intensification of the 
action of C.N.S. depressants, atropine, heat and organo- 
phosphorus insecticides; dryness of mouth, nasal con- 
gestion, headache, nausea, constipation, obstipation, 
adynamic ileus, inhibition of ejaculation; reactivation of 
psychotic processes, catatonic-like states; hypotension 
(sometimes fatal); cardiac arrest; pancytopenia, thrombo- 
cytopenic purpura, eosinophilia; biliary stasis; lactation, 
galactorrhea, gynecomastia, menstrual irregularities, false- 
positive pregnancy tests; photosensitivity, itching, erythema, 
urticaria, eczema up to-exfoliative dermatitis; asthma, 
laryngeal edema; angioneurotic edema, anaphylactoid 
reactions; peripheral edema; reversed epinephrine effect; 
hyperpyrexia; a systerric lupus erythematosus-like syn- 
drome; pigmentary ret nopathy; with prolonged administra- 
tion of substantial doses, skin pigmentation, epithelial 
keratopathy, and lenticular and corneal deposits. 


EKG changes have been reported, but relationship to 
myocardial damage is not confirmed. Discontinue long- 
term, high-dose therapy gradually. 


NOTE: Sudden death in patients taking phenothiazines 
(apparently due to cardiac arrest or asphyxia due to failure 
of cough reflex) has been reported, but no causal relation- 
ship has been established. 


Supplied: Tablets — 5, 10 and 25 mg., in bottles of 100; 
Spansule* capsules — 10, 15, 30 and 75 mg., in bottles of 
30; Injection — 5 mg., ml. in 2 ml. ampuls, 10 ml. vials, 
and 2 ml. disposable syringes; Suppositories — 2-1/2, 5 
and 25 mg.; Syrup — 5 mg./5 ml.; Concentrate (intended 
for institutional use only)— 10 mg./ml.; Single Unit Pack- 
ages of 100 (intended for institutional use only) — 5 and 
10 mg. tablets; 10, 15 and 30 mg. 'Spansule' capsules. 


Smith Kline &French Laboratories 
Philadelphia, PA 
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..May be only 
half the problem. 


Apprehension and reaction to 
pain make up the other very 
important half. And Synalgos-DC 
is the analgesic that treats both 
halves of the pain problem: 
Promethazine helps relieve ap- 
prehension and reaction to pain, 
while the analgesic components 





"INDICATIONS: Based on a review of this 
drug by the National Academy of Sci- 
ences— Natioríal Research Council and/or 
other information, FDA has classified the 
indications as follows: “Possibly” effective 
for the relief of moderate to moderately 
severe pain in those. situations where the 
physician wishes to add a mild sedative 
effect. Final classification of the less- 
than-effective indications requires further 
investigation. 


CONTRAINDICATIONS: Hypersensitivity to dihy- 
drocodeine, promethazine, aspirin, phenacetin. 
WARNINGS: Salicylates should be used with 
extreme caution in the presence of peptic 
ulcer or coagulation abnormalities 

Drug Dependence: Dihydrocodeine can pro- 
duce drug dependence of the codeine type 
and therefore has the potential of being 
abused. Psychic dependence, physical depen- 
dence and tolerance may develop upon 
repeated administration of dihydrocodeine, 











help relieve moderate to mod- 
erately severe pain: 


Synalgos-DC contains dihydro- 


codeine, a semisynthetic 
narcotic analgesic related to 
codeine, with multiple actions 
qualitatively similar to codeine. 
(i status permits telephone 
prescriptions and authorized 
refills up to 5 times in 6 months 
(unless restricted by state law). 
Dual-action Synalgos-DC 

takes pain off the mind and 

the mind off pain. 


1 of the problem... 


| üos-DC 


| Drocode (dihydrocodeine) bitartrate, 16.0 mg (Warning: May 
Th be habit-forming); promethazine hydrochloride, 6.25 mg; 
aspirin, 194.4 mg: phenacetin, 162.0 mg; caffeine, 30.0 mg. 


and it should be prescribed and administered 
with the same degree of caution appropriate 
to the use of other oral narcotic-containing 
medications. Like other narcotic-containing 
medications, dihydrocodeine is subject to the 
provisions of the Federal Controlled Sub. 
stances Act. Usage in Ambulatory Patients: 
Dihydrocodeine and promethazine may impair 
the mental and/or physical abilites required 
for the performance of potentially hazardous 
tasks such as driving a car or operating 
machinery. The patient using Synalgos-DC 
should be cautioned accordingly. Interactions 
with other Central Nervous System Depres- 
sants: Patients receiving other narcotic anal- 
gesics, general anesthetics, other phe- 
nothiazines, tranquilizers, sedative-hypnotics 
or other CNS depressants (including alco- 
hol) concomitantly with Synalgcs-DC may 
exhibit an additive CNS depression. When 
such combined therapy is contemplated, the 
dose of one or both agents should be reduced. 
Patients who have demonstrated a hypersen- 


sitivity reaction (e.g. blood dyscrasia, jaun 
dice) with a phenothiazine should not be 
reexposed to any phenothiazine, including 
Synalgos-DC, unless in the judgment of the 
physician the potential benefits of the treat 
ment outweigh the possible hazards. Usage in 
Pregnancy: Reproduction studies have not 
been performed in animals. There is no ade- 
quate information on whether this drug may 
affect fertility in human males and females or 
has a teratogenic potential or other adverse 
effect on the fetus. Usage in Children: Since 
there is no experience in children who have 
received this drug, safety and efficacy in chil- 
dren have not been established. 

PRECAUTIONS: Phenacetin has been reported 
to damage kidneys when taken in large 
amounts for a long time. Promethazine should 
be administered cautiously to patients with 
cardiovascular or liver disease. Synalgos-DC 
should be given with caution to certain patients 
such as the elderly or debilitated, and those 
with hypothyroidism, Addison's disease and 





prostatic hypertrophy and urethral stricture. 
ADVERSE REACTIONS: The most frequently 
observed reactions include lightheadedness, 
dizziness, drowsiness, sedation, nausea, vomit- 
ing, constipation, pruritus, skin reactions, and 
rarely, hypotension. 

DOSAGE AND ADMINISTRATION: Dosage 
should be adjusted according to the severity of 
the pain and the response of the patient. Syn- 
algos-DC is given orally. The usual adult dose 
Is 2 capsules every 4 hours as needed for pain. 
DRUG INTERACTIONS: The CNS depressant 
effects of Synalgos-DC may be additive with 
that of other CNS depressants. See Warnings. 
Aspirin may enhance the effects of anticoagu- 
lants and inhibit the uricosuric effects of uri- 
cosuric agents. 

Consult direction circular before prescribing. 


IVES LABORATORIES INC. 


New York, NY 10017 
Dedicated to improving the 
quality of life, through Medicine^ 
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Toxic Megacolon Complicating Crohn's Colitis 


MICHAEL B. GRIECO, M.D., DENNIS L. BORDAN, M.D., ALAN C. GEISS, M.D., ARTHUR R. BEIL, JR., M.D. 


Toxic megacolon complicating ulcerative colitis has been a well- 
recognized entity since its original description in 1950. The 
presence of toxic megacolon frequently has precluded a diag- 
nosis of Crohn's colitis. Recent literature, however, has 
demonstrated that the incidence of toxic megacolon associated 
with Crohn's colitis (4.4- 6.3%) may be higher than that in 
ulcerative colitis (1—2.5%). Differentiation between these two 
catastrophic forms of colitis is important in respect to prog- 
nosis and long-term results. Medical management of toxic 
megacolon may be initially successful in either type of colitis. 
Surgical intervention is indicated if the patient's condition does 
not improve within 48— 72 hours. A subtotal colectomy with 
an ileostomy and mucous fistula is probably the treatment 
of choice for most of these extremely ill patients. The in- 
fluence of the type of colitis on the results of subsequent 
management of the rectal stump remains unresolved. 


OXIC MEGACOLON, or toxic dilatation of the colon, 
T is a well-known complication of chronic ulcerative 
colitis. Since its original description by Marshak in 
1950,?? toxic megacolon had been assumed to occur 
only in patients with ulcerative colitis. Recently there 
has been documentation of this entity complicating 
amebic colitis, ischemic colitis, pseudomembranous 
enterocolitis, and bacillary dysentery. !0:!%-29-36-46.98 [n 
1967, Schachter presented the first detailed case report 
of toxic megacolon occurring in a patient with Crohn's 
disease of the colon.** We have found only 66 ad- 
ditional cases from a collection of reported series.55:!!- 
14,21.25.27,30,31,34,38.40,42,45.48.50,.51 However, some authors 
have proposed that many cases originally thought to 
have been ulcerative colitis actually may have been 
Crohn's colitis.” It is the purpose of this paper to 
review the literature and to describe the experience 
at North Shore University Hospital of toxic megacolon 
complicating Crohn's colitis. 


Materials and Methods 


Between 1970 and 1978 there were 165 patients 
hospitalized at the North Shore University Hospital 
for treatment of Crohn's disease of either the large or 
small intestine. Eighty-seven patients had involve- 
ment of the small intestine, 29 patients the colon 
(Crohn's colitis), and 49 patients both the large and 
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small intestine concurrently (ileocolitis). Of the 78 pa- 
tients with Crohn's colitis and ileocolitis, five patients 
developed toxic megacolon for an incidence of 6.4% 
(Table 1). During this same eight-year period 64 pa- 
tients were hospitalized for treatment of nonspecific 
ulcerative colitis, and four of these developed toxic 
megacolon for an incidence of 6.3%. 

A diagnosis of Crohn's colitis was based on the ante- 
cedent history, clinical presentation, and gross and 
histopathologic findings.'' Toxic megacolon does not 
have as well-defined limits; accordingly, its diagnosis 
was formulated from less well-known criteria. First, 
the patients must be acutely-ill with a rapid deteriora- 
tion in their overall condition. Second, they must be 
toxic by cemonstrating at least two of the following: 
tachycard a greater than 120/minute, oral temperature 
above 38.9 C, ESR of 30 mm or more in the first hour 
(Wintrobe), and white cell count of 10,000/mm or 
greater.!!3*^ Third, the diameter of the midtransverse 
colon of nonoperative cases must be greater than 5.5 
cm on a plain radiograph of the abdomen.” In patho- 
logic specimens a megacolon is characterized by a mid- 
transverse colon diameter of at least 10 cm in the 
unopened, formalin-fixed specimen. '! 

Recent literature has favored the use of the descrip- 
tive phrase of toxic dilatation of the colon in preference 
to the older term of toxic megacolon. The newer term 
has been used to avoid confusion with congenital mega- 
colon or Hirschsprung's disease. However, as em- 
phasized by Menguy,*! this newer, bland alternative 
fails to instill the same fear that one normally asso- 
ciates with toxic megacolon. Although these terms can 
be used interchangeably, we prefer to use toxic mega- 
colon. We also prefer Crohn's colitis, or Crohn's dis- 
ease of the colon, rather than granulomatous colitis, 
because granulomas are not invariably present in all 
specimens. 


Case Report 


V.M., a 36-year-old white man, was in good health until January, 
1977, when he developed diffuse, crampy, abdominal pain and 
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TABLE |. Clinical Series 
Mid-transverse 
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Duration Duration of Colon Diameter 
of Documented (zm) 
Crohn's Colonic Colonic Primary Early Late 
Patient, Disease Dilatation Barium Unopened Per- Granu- Operative Present Compli- Compli- 
Age and Sex (Months) (Days) Enema X-ray Specimen foration lomas Procedure Condition cations cations 
l. VM, 36M 12 7 8 mo 11 13 None Present STC-IM* Asymptomatic Small bowel None 
preop 2 yr postop obstruction 
2. GK, 59M 2 10 9 mo 10 13 None None A ylett* Asymptomatic 2 yr None None 
preop Procedure after closure of 
loop ileostomy at 
8 mo postop 
3. LC, 45M 8 4 None 9 11 Walled- Present STC-IM* Asymptomatic 5 yr Wound None 
off postop infection 
4. L]. S3F 30 8 None 10 12 None Present STC-IM* Lost to follow-up Wound None 
infection, 
U.TA. 
S. SR, 39M 16 5 None 12 $ None None STC-IM* Asymptomatic 4 yr None Small bowel 


postop obstruction 


* Subtotal colectomy — ileostomy. mucous fistula. t Data not available. 


* Total colectomy — primary ileorectal anastomosis. loop ileostomy. 


nonbloody diarrhea. The patient was treated for peptic ulcer dis- During a one-month hospitalization the patient lost 30 pounds. had 


ease with antacids and dietary restrictions without any improvement. 
A barium enema demonstrated subtle changes in the transverse 
colon that were suggestive of "colitis." Sigmoidoscopy and an upper 
gastrointestinal series were normal. The abdominal pain and 
diarrhea gradually subsided until December, 1977. when the patient 
was hospitalized with an acute exacerbation of symptoms. Treat- 
ment for presumed "colitis" was initiated with broad spectrum 
antibiotics, systemic corticosteroids, and intestinal intubation. 


15-20 watery, nonbloody stools per day, and suffered an exacer- 
bation of his symptoms whenever he ate. The patient then was trans- 
ferred to North Shore University Hospital for further evaluation 
and total parenteral nutrition. 

Physical examination revealed a cachectic. dehydrated, alert 
man with a rectal temperature of 39.0 C. pulse of 125, respirations 
of 16, and a BP of 110/80. Pertinent physical findings were limited 
to the abdomen, which was distended. tympanitic, and diffusely 


tender. There were no bowel sounds. masses. or organ enlargement. 
Proctosigmoidoscopy revealed a minimally-inflamed mucosa with- 
out ulcerations and a guaiac positive stool. Abnormal laboratory 
values were: hematocrit 32%, white blood cell count 6.100 including 
34 bands, total protein 5.4, and protime 13.6/11.6. Flat and upright 
abdominal radiographs demonstrated a greatly-distended trans- 
verse colon that measured 11 cm in diameter in the midline. Despite 
vigorous medical treatment with systemic antibiotics, cortico- 
steroids, and intestinal long tube decompression, the patient re- 
mained septic. Within 72 hours of transfer to North Shore Univer- 
sity Hospital, the patient underwent an exploratory laparotomy. 
A greatly-distended transverse colon was present (Fig. 1) with rela- 
tively normal-appearing proximal ascending, distal descending, and 
sigmoid colon (Fig. 2). The entire small intestine was normal. There 
was no evidence of sealed or free perforations. A subtotal colectomy 
with formation of an end ileostomy and mucous fistula was accom- 
plished. Histopathologic examination revealed a transmural cica- 
trizing process with granulomas consistent with a diagnosis of 
Crohn's colitis. The patient had an uncomplicated postoperative 
course and presently has a well-functioning ileostomy without 
evidence of recurrent disease. 


Discussion 


Colitis was first described in the English literature 
in 1875 by Wilks and Moxon of London. For the next 
50 years physicians assumed that only one type of coli- 
tis existed — namely, ulcerative colitis. In 1930. Bargen 
and Weber described another type of colitis that oc- 
curred in different segments of the colon.* Crohn, in 
1932, published his classic paper in which he stated that 





FiG. 1. Operative view of greatly distended transverse colon. The 
diameter of the midtransverse colon measured approximately 18 cm 
before needle decompression was performed. 
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Fic. 2. Subtotal colectomy specimen. Proximal ascending, distal 
descending, and sigmoid colon are grossly normal. The trans- 
verse colon demonstrates features typical of Crohn's colitis. 


granulomatous disease only affected the small in- 
testine.'” Four years later, Crohn reported that 
"Crohn's disease" could exist in the colon independ- 
ently of or simultaneously with disease in the small 
intestine.'? In 1950, Marshak first described toxic dil- 
atation of the colon or " megacolon' ' as a distinct clin- 
ical entity complicating ulcerative colitis." Several 
-years later, Roth coined the descriptive term "toxic 
megacolon.' '*' For the next 15 years it was assumed 
that toxic megacolon only occurred in patients with 
ulcerative colitis. However, Wruble, in 1966, presented 
the first case report of a patient with toxic megacolon 
not associated with ulcerative colitis: his patient had 
amebiasis.” In the same year, Hawk and Turnbull?! 
first reported cases of toxic megacolon complicating 
granulomatous colitis, and Schachter,^ in 1967, pre- 
sented the first detailed case report of such an 
OCcurrence. 

The incidence of toxic megacolon complicating ul- 
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cerative colitis has been variously reported in numer- 
ous retrospective studies,?^?" but it is probably in the 
range of 1—2.546 of patients.” This entity complicating 
Crohn's disease of the colon has been appreciated more 
slowly. Some recent surveys have suggested that its 
incidence actually may be somewhat higher than in 
ulcerative colitis. ?'^" An examination of the only 
large series published (Table 2) reveals an incidence 
of toxic megacolon of between 4.4-6.3% in cases of 
Crohn's colitis. This is comparable to our incidence 
of 6.4% despite our exacting criteria for diagnosis. 
Further scrutiny of these data demonstrates the pro- 
pensity for toxic megacolon to occur when Crohn's 
disease is confined to the colon. 

The etiology of toxic megacolon associated with ul- 
cerative or Crohn's colitis is largely speculative. 
Several reports have implicated the performance of a 
barium enema with the subsequent appearance of toxic 
megacolon.??253!.3535 [t has been suggested that the 
tannic acid in the barium mixture is the etiologic agent, 
but this has been disproven.* The threat of perfora- 
tion is a more important reason for not performing a 
barium enema in the acute phase of inflammatory bowel 
disease. Anticholinergics, antidiarrheals, and opiates 
may exacerbate this condition by further decreasing 
colonic muscular tone.!??7?9.315 Hypokalemia is now 
believed to be the result of, and not the cause of, toxic 
megacolon.*°*! Distal stenosis and aerophagia also 
have been offered as contributing factors.*” 

Irrespective of the cause or causes of toxic mega- 
colon complicating any form of colitis, the basic 
pathologic process consists of rapid damage involving 
all layers of the colonic wall.?"^" Menguy has suggested 
that unknown toxins cause a breakdown of the pro- 
tective mucosal barrier thus exposing the susceptible 
muscularis propria.*! Bockus has presented evidence 
that there is destruction of ganglion cells and swelling 
of nerve fibers in the myenteric plexus.’ Cello and 
Meyer believe that destruction of colonic musculature 
by widespread inflammation is most important.'? 
Ultimately, there is an almost complete paralysis of the 
diseased segment of colon with loss of smooth muscle 
substance, tone, and motility.?^ 

Macroscopically, "'cobblestone" mucosa, longitu- 


TABLE 2. Review of Recent Literature 
o i —————————————— — qM NENNEN E 
Total Number 


of Patients Pattern of Distribution 
Total With Toxic 
Author Year Cases Megacolon Ileocolitis Colitis 
000 |——————————— ENERO cuu NNI 

Buzzard"! 1974 190 12 (6.3%) | Patient* 11 Patients* 
" Greenstein’? 1975 160 7 (4.4%) 3/130 (2.3%) 4/30 (13.3%) 
| Farmer?! 1975 418 23 (5.5906) 5/252 (2.0%) 18/166 (10.8%) 
N.S.U.H. 1978 78 5 (6.4%) 2/49 (4.1%) 3/29 (10.3%) 


0000 ————————————— Io ——Á: 9 "DN MEL ME 
* Additional data not available. 
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FiG. 3. Close-up of splenic flexure of resected specimen. Longi- 
tudinal "rake" ulcers, "cobblestone" mucosa. and thickened 
colonic walls are evident. 


dinal "rake" ulcers, and thickened colonic walls as 
discontinuous or diffuse disease characterize the 
opened specimen of toxic megacolon in Crohn's 
disease (Figs. 2 and 3). Histopathologic examination 
may reveal transmural inflammatory reaction often 
with extension to the serosa, crypt abscesses. necrosis 
of smooth muscle fibers, variable areas of fibrosis. 
transmural fissures, noncaseating granulomas and dis- 
integration of ganglion cells of the myenteric or sub- 
mucosal plexuses. The presence of sarcoid-like. non- 
caseating granulomas is most important in distin- 
guishing between toxic megacolon occurring in Crohn's 
colitis and in ulcerative colitis. These granulomas do 
not occur in nonspecific ulcerative colitis and have 
been reported in 50'?^* to 100%'7 of Crohn's colitis 
specimens. Three out of five of our patients with toxic 
megacolon complicating Crohn's disease of the colon 
had granulomas in the pathologic specimen (Table 1). 

Toxic megacolon characteristically occurs during the 
acute and early manifestations of Crohn's colitis?? 
before extensive fibrosis ensues. The transmural. 
proliferative and cicatrizing nature of Crohn's disease 
is thought to preclude the late occurrence of toxic 
megacolon by preventing dilatation of the colon.?! 3545.50 
This is in contradistinction to chronic ulcerative colitis 
in which toxic megacolon more commonly complicates 
an acute exacerbation occurring at any time during the 
course of the disease,” although it may occur as an 
initial event in 24-40% of patients.? In Buzzard's 
series, of the 12 patients with toxic megacolon com- 
plicating Crohn's colitis, ten had a relatively short pre- 
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operative history of less than two years.!! However. 
in three out of five of Javett's patients with this disease. 
symptoms had been present for more than two years.” 

Patients with toxic megacolon usually appear severely 
ill with tachycardia, pyrexia, dehydration, abdominal 
pain, electrolyte disturbances, and leukocytosis. These 
septic patients may have anemia, hypoalbuminemia. 
mental aberrations, diarrhea, hypotension, signs of 
peritoneal irritation, paradoxical decrease in stool 
frequency and, rarely, intestinal hemorrhage??? or 
free perforation.??"?5*49 Although walled-off perfora- 
tions are more common, it is conceivable that free 
perforation with spontaneous decompression may occur 
before a diagnosis of toxic megacolon is even con- 
templated. 

Visible abdominal distention may not be prominent: 
therefore, radiographs of the abdomen are a necessity. 
Daily plain films of the abdomen are probably more 
reliable than measurement of abdominal girth.7°26 
Patchy loss of "cobblestoning"' of the mucosa and sub- 
serosal air sometimes can be observed on abdominal 
radiographs before actual dilatation occurs.’ Colonic 
dilatation can be segmental or total, and the transverse 
colon is most commonly involved. !?-20.26.30.43.45.50 Hywel 
Jones and Chapman”? presented evidence that the maxi- 
mum diameter of the normal transverse colon in the 
midline on a plain radiograph of the abdomen is 5.5 cm. 
The authors thus defined megacolon as a midtransverse 
colon whose diameter was greater than 5.5 cm. In their 
15 patients with toxic megacolon complicating "colitis," 
the mean diameter of the transverse colon was 8.2 cm. 
which is similar to Neschis' results (8.4 cm).*? 

Initial management of patients with toxic megacolon 
complicating either Crohn's colitis or ulcerative colitis 
consists of correction of fluid and electrolyte abnormali- 
ties, systemic broad spectrum antibiotics, parenteral 
corticosteroids, intubation with a long intestinal tube. 
and daily plain radiographs of the abdomen. Barium 
enema examination, and the use of opiates, anticholiner- 
gics, and antidiarrheals should be avoided. Procto- 
sigmoidoscopy without air insufflation is useful in dif- 
ferentiating Crohn's disease from ulcerative colitis. 
Greenstein states that more than 75% of these patients 
with Crohn's colitis will respond well to this conserva- 
tive approach unlike the situation in ulcerative colitis. 
He concludes, however, that most of these patients 
ultimately will require surgery for continuing symptoms 
or relapses.?" [n contrast, acute toxic dilatation limited 
to the ileum in Crohn's disease, an entity which can 
easily be confused with toxic megacolon, may be more 
likely to respond to conservative treatment.?? 

If these conservative measures fail to control the 
clinical and radiologic progression within 48—72 hours 
after the onset of symptoms, then surgical intervention 
is mandatory.? Many authors have emphasized the 
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importance of early diagnosis, avoidance of precipitating 
factors and prompt surgery in cases of toxic mega- 
colon.!:5-13-16-20.26 Protracted medical management 
leading to perforation is probably the major contributing 
factor to the high mortality associated with toxic mega- 
colon. Cello and Meyer have stated that the incidence 
of free perforation is as high as 50% after 72 hours of 
unsuccessful conservative treatment.'? A recent survey 
of the literature on toxic megacolon revealed an in- 
cidence of perforation of 24%. The overall medical mor- 
tality was 27%, and the overall surgical mortality was 
19.5%. The operative mortality without perforation 
was only 8.8% while it was 41% for patients with per- 
foration.?' Binder reported an overall nonoperative mor- 
tality of 30% that rose to 82% once perforation of a 
toxic megacolon occurred despite vigorous medical 
treatment.? It should also be noted that free perforation 
has been reported in Crohn's colitis in the absence of 
toxic megacolon.™ 

The operative management of toxic megacolon is a 
controversial topic regardless of the type of colitis 
present. A cecostomy* or a completely diverting 
ileostomy alone?? are usually inadequate procedures. 
Additionally, a single stage total proctocolectomy is 
probably too extensive an operation for these critically 
ill patients;???? mortality rates of 14-30% have been 
reported.” A total or subtotal colectomy with an end 
ileostomy and mucous fistula is most likely the pro- 
cedure of choice.?! In selected cases of suspected 
walled-off perforations, the so-called Turnbull ileostomy- 
blowhole colostomy may be used. Turnbull reported 
25 survivors out of 26 patients in which this procedure 
-~ of diversion, decompression, and drainage was used.?? 
Fazio's follow-up of these patients yielded the same 
excellent results with only a 2% mortality.?? 

Of our five patients with toxic megacolon compli- 
cating Crohn's colitis (Table 1), four have had subtotal 
colectomy with ileostomy and mucous fistula as a 
primary procedure. None of these four patients has had 
a subsequent reanastomosis despite a normal-appearing 
rectum on sigmoidoscopy. The fifth patient underwent 
a total colectomy with primary ileorectal anastomosis 
and a diverting, loop ileostomy. The ileostomy was 
closed eight months postoperatively, and he has re- 
mained asymptomatic. 

Although the various procedures are similar for toxic 
megacolon associated with either Crohn's or ulcerative 
colitis, the long-term results and prognosis are not. 
It is well-known, for instance, that total proctocolec- 
tomy will cure patients with ulcerative colitis but not 
Crohn's disease. A point of some contention is the 
place of an ileorectal anastomosis as either a primary or 
staged procedure in either type of colitis. All of 
Buzzard's 12 patients with toxic megacolon compli- 
cating Crohn's colitis underwent total colectomy and 
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ileorectal anastomosis with a relieving ileostomy as a 
staged procedure. Of these patients, only four had 
functioning ileorectal anastomoses as of the report in 
1974.!! These results are certainly less favorable than 
the report of Baker? for the same procedure performed 
for toxic megacolon in ulcerative colitis. Therefore, 
it would appear that it is of some benefit relative 
to long-term results to know whether one is treating 
ulcerative colitis or Crohn's colitis in cases of toxic 
megacolon. Tompkins, on the other hand, states that 
the duration of symptoms is more important than 
the type of colitis present in predicting success 
of a rectum-retaining operation.? Regardless, dis- 
tinguishing between these two diseases is not es- 
sential for making a decision whether or not to operate 
in a case of toxic megacolon. 


Conclusions 


Toxic megacolon can complicate Crohn's disease of 
the colon; in fact, its incidence may be even higher than 
that occurring in instances of ulcerative colitis. State- 
ments concerning prognosis and long-term results of 
treatment in cases of toxic megacolon are contingent 
upon differentiation of these two forms of colitis. For 
example, total proctocolectomy will cure patients with 
ulcerative colitis but not those with Crohn's disease 
involving the colon.'? In contrast, the initial manage- 
ment of patients with toxic megacolon is identical re- 
gardless of the type of colitis present, although in some 
instances medical treatment has been more successful 
in cases of Crohn's colitis.” However, protracted 
medical management must be avoided to prevent co- 
lonic perforation. 

The state of the colon and condition of the patient 
at the time of laparotomy should indicate the type of 
operative procedure to be employed. A single-stage 
total proctocolectomy, the Turnbull ileostomy-blowhole 
colostomy, and the Aylett procedure? are indicated in 
selective situations. We recommend utilization of a 
total or subtotal colectomy with an ileostomy and 
mucous fistula as the procedure of choice in these 
seriously ill patients regardless of the form of colitis 
present. The question of subsequent surgical therapy 
is problematic because of the controversy concerning 
the place of rectum-retaining operations as an alterna- 
tive to excision of the rectum. The influence of the type 
of colitis present on these additional procedures awaits 
further trials. 
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Bladder Function After Abdominoperineal Resection 
of the Rectum for Anorectal Cancer 


Urodynamic Investigation Before and After Operation in a 


Consecutive Series 


THOMAS C. GERSTENBERG, M.D., MOGENS LYKKEGAARD NIELSEN, M.D., STEEN CLAUSEN, M.D., 


In a consecutive series of 26 patients (10 men and 16 women) 
undergoing abdominoperineal resection of the rectum, cystom- 
etry and pressure-flow-EMG measurements were made pre- 
operatively and three and 6— 12 months after operation. Two 
patients developed neurogenic bladder paresis (7.7%, 95% c.l. 
1-25%). Men with even slight complaints of bladder outlet 
obstruction preoperatively ran a risk of postoperative ag- 
gravation demanding surgery. In women no significant 
changes in micturition patterns were found. It is concluded 
that urinary flow measurement and cystometry should be 
available as minimum screening procedures after abdomino- 
perineal resection of the rectum to detect bladder dysfunction 
at an early stage. 


LADDER DYSFUNCTION after abdominoperineal 
B resection of the rectum has been recognized for 
many years, but only during the last few decades have 
bladder complications been evaluated by means of cys- 
tometry or pressure-flow-EMG measurement.” 59:15:79 
Reported rates of bladder dysfunction have, however, 
varied considerably, mainly due to selected series being 
investigated or to investigations being limited to the 
period after operation. We investigated a consecutive 
series of abdominoperineal resections, cystometry and 
pressure-flow-EMG measurements being performed 
both preoperatively and at varying intervals after 
operation. 


Patients and Methods 


Patients and Operative Procedure 


Thirty-four patients consecutively operated on for 
cancer of the anus and rectum with abdominoperineal 
resection were considered for urodynamic investiga- 
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tions. Age, sex and tumor diagnosis are summarized in 
Table 1. One patient with cancer of the anus suffered 
from a squamous cell carcinoma. 


Urodynamic Investigations 


Thirty-four patients were investigated preopera- 
tively. Postoperative urodynamic investigations were 
scheduled to three months and 6-12 months after 
abdomino-perineal resection. Eight patients died 
within three months of operation and accordingly were 
not investigated postoperatively; the postoperative 
deaths within three months were due to metastases 
in six patients and to pulmonary embolus and cerebral 
vascular insult in one patient each. Postoperative 
urodynamic investigations of the remaining 26 patients 
were made three months, and 6-12 months after 
operation. The urodynamic investigation consisted of 
spontaneous urinary flow measurement (A), water cys- 
tometry (B) and simultaneous pressure-flow-EMG 
measurement (C). Methods, definitions and units con- 
form to the standards proposed by the International 
Continence Society. 

(A) Spontaneous urinary flow measurement. The 
patients were asked to attend the examination with a 
full bladder and a spontaneous flow curve was re- 
corded (DISA rotating flowmeter). Maximal flow rate 
(ml/sec) and flow time (sec) were recorded and average 
flow (ml/sec) was calculated from the voided volume. 

(B) Water cystometry. A Foley catheter was in- 
serted transurethrally to record the residual volume, 
water cystometry and bacteriological culture. Supine 
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TABLE 1. Age, Sex and Tumor Diagnosis in 34 Patients C onsecutively 
Undergoing Abdominoperineal Resection of the Rectum 








Patients Patients 
Not Surviving Investigated 3 and 
3 Months 6—12 Months 
after Operation after Operation 
Male Female Male Female 
Number of patients 4 4 10 16 
Age 80 78 62 69 
(median and range) (66-85) (67-79) (48-80) (54-84) 
Adenocarcinoma of 
the rectum 4 4 10 15 
Carcinoma of the anus 
Grading of 
adenocarcinoma 
Duke A | 3 2 
Duke B 2 4 6 
Duke C 2 3 3 7 





cystometry was performed with a modification of Lewis 
technique with a constant inflow of body-warm saline 
at a rate of approximately 30 ml/min (medium fill 
cystometry). The first sensation (FS) to void and cysto- 
metric capacity were recorded. Uninhibited detrusor 
contractions exceeding 15 cm H,O were regarded as 
diagnostic for detrusor hyperreflexia. To summarize 
resting bladder pressure (cm H,O), volumes at first sen- 
sation (ml), cystometric capacity (ml), final pressure 
(cm H,O), uninhibited bladder contractions (cm H,O) 
and bladder compliance (A ml/A pascal) (1 cm H,O 
= 98.07 Pa) were recorded or calculated. 

(C) Simultaneous pressure-flow-EMG measurement. 
The simultaneous pressure-flow-EMG measurement 
was made with the women seated and the men stand- 
ing. In measuring the intravesical pressure a supra- 
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pubic catheter (ch. 3.5) was used to avoid bladder 
outlet obstruction. The abdominal pressure was meas- ! 
ured via an open-ended catheter in the rectum (ch. 
8) preoperatively and in the colostomy stoma post- 
operatively. Detrusor pressure was calculated elec- 
tronically from intravesical and abdominal pressure. 
Urinary flow was recorded using an uroflowmeter 
(DISA, Herlev, Denmark). The external urethral 
sphincter function was estimated from anal sphincter 
EMG. The simultaneous pressure-flow-EMG measure- 
ment was repeated at least three times by refilling the 
bladder through the suprapubic catheter, all values 
used for calculations thus being a mean of three repre- 
sentative measurements. To summarize, pre-, open- 
ing-, maximum- and postmicturition pressure (cm 
H;O), mean micturition pressure (cm H-0), detrusor 
contraction pressure (cm H,O), abdominal pre-, maxi- 
mum- and postmicturition pressure (cm H,O), ab- 
dominal contraction pressure (cm H,O), opening-, 
flow-, pressure- and silence time (sec), sphincteric 
amplitude (4 V) and the parameters measured under A 
were recorded or calculated. Finally, urethral re- 
sistance was calculated from pressure at maximum 
flow and maximum flow rate (R = cm H,O/(ml/sec)?). 
Denervation supersensitivity test for neurogenic blad- 
der was performed according to Lapides'? in Glahn's 
modification* in all cases where cystometry and/or 
pressure-flow-EMG measurements led to a suspicion of 
neurogenic bladder dysfunction. 


Statistical Calculations 


All comparisons were made using the Wilcoxon test 
for pair differences. 


Compl. 


Aml/4A Pascal 


FIG. 1. Cystometric investi- 
gation in 10 men before (a) 
and 6-12 months after (b) 
abdominoperineal resection 
of the rectum. FS: First 
sensation (ml). BC: Bladder 
capacity (ml). Res.urine: 
Residual urine (ml). Comp: 
Compliance (A ml/A Pascal). 
X — — — X: Patients develop- 
ing incomplete infranuclear 
bladder paresis. 6 — — — e: 
Patients with negligible pre- 
operative symptoms of blad- 
der outlet obstruction de- 
veloping clinical symptoms 
demanding surgery. 
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Fic. 2. Urodynamic inves- 
tigation in 10 men before 
(a) and 6—12 months after 
(b) abdominoperineal re- 
section of the rectum. 
x---x and 0--- O0 
are explained in Figure 1. 
® The bar represents four 
patients. 
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Results 


Cystometric investigations in men are shown in 
Figure 1. First sensation, bladder capacity and residual 
urine volume were all significantly increased 6-12 
months after operation compared to preoperative meas- 
urements (p < 0.05 for all three comparisons), whereas 
no significant difference was found in regard to com- 
pliance (p 0.10). Three patients presented with 
detrusor hyperreflexia before operation, the hyper- 
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flexia having disappeared in two within three months 
after operation. 

Pressure-flow-EMG measurements in men appear 
from Figure 2. Maximum micturition pressure and 
abdominal contraction pressure were significantly in- 
creased after operation (p < 0.05). Detrusor contrac- 
tion pressure decreased without reaching statistical sig- 
nificance at the 5% level (p > 0.10). Significant changes 
were not found in other parameters in Figure 2 (p > 0.10 
for all comparisons). 
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Two patients developed incomplete infranuclear 
bladder paresis, both with positive denervation tests. 
Four patients with negligible symptoms of bladder 
outlet obstruction before operation developed clinical 
signs of bladder outlet obstruction after abdomino- 
perineal resection, operative treatment being necessary 
(Figs. | and 2). 

Cystometric and urodynamic investigations in women 
appear from Figures 3 and 4. No significant changes 
were found in any parameters after operation (p > 0.10 
for all comparisons), and neurogenic bladder disturb- 
ances were not found. Clinically all women had normal 
micturition patterns before and after operation. 


Discussion 


In order to evaluate the true frequency of bladder 
dysfunction after abdominoperineal resection of the 
rectum for cancer, consecutive series of patients 
have to be investigated and both pre- and postopera- 
tive investigations are mandatory. The relatively high 
incidence of more or less pronounced preoperative 
bladder dysfunction in the age group commonly 
undergoing abdominoperineal resection for malignant 
disease of the rectum makes isolated postoperative 
investigations difficult to interpret and potentially 
misleading. We believe our study to be the first on a 
consecutive series of patients undergoing abdomino- 
perineal resection for cancer, investigated both pre- 
and postoperatively with cystometry and pressure- 
flow-EMG measurements at predetermined intervals 
for a sufficiently long period after operation. 

It appears from Figure 1 that several factors con- 
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FiG. 3. Cystometric inves- 
tigation in 16 women before 
(a) and 6—12 months after 
(b) abdominoperineal resec- 
tion of the rectum. FS: 

05 First sensation (ml). BC: 
Bladder capacity (ml). Res. 
urine: Residual urine (ml). 
Comp: Compliance (A ml/ 
A Pascal). 
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tributed to the significant changes in first sensation. 
bladder capacity and residual urine after abdomino- 
perineal resection in men, i.e. development of neuro- 
genic bladder paresis (incomplete infranuclear) and 
aggravation of preoperative bladder outlet obstruction. 
Another, but controversial contributing factor, could be 
a change in the anatomical position of the bladder. 127-9- 
"114-1720 Significant changes in maximum micturition 
pressure and abdominal contraction pressure, and a 
trend towards a decrease in detrusor contraction pres- 
sure, are almost exclusively due to the patients de- 
veloping incomplete infranuclear bladder paresis and to 
aggravation of mild preoperative bladder outlet ob- 
struction (Fig. 2). Predictable changes in flow rates 
and urethral resistance occurred in both patients with 
bladder paresis but not in all four patients with 
aggravation of mild preoperative bladder outlet ob- 
struction (Fig. 2). All women had normal micturition 
patterns after abdominoperineal resection, consistent 
with the results of both cystometry and pressure-flow- 
EMG measurements, no significant changes being 
found in any of the parameters shown in Figures 
3 and 4. The absence of neurogenic bladder paresis 
in 16 women compared to two cases among 10 men 
is not significant to any degree and is due to chance. 

A comparison between our investigation and those 
of others is difficult because differences in design 
are crucial. Pre- and postoperative cystometry,?” pres- 
sure-flow measurements,' or cystometry plus pres- 
sure-flow measurements have been made in non- 
consecutive and/or selected series, often without 
defining the time elapsing from operation to postopera- 
tive investigation and without specifying the param- 
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Fic. 4. Urodynamic inves- 
tigation in 16 women before 
(a) and 6—12 months after 
(b) abdominoperineal resec- 
tion of the rectum. & The 
bar represents nine patients. 
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eters evaluated in our study. Postoperative investiga- 
tions alone, in nonconsecutive series, were made by 
Kontturi et al. and Flower et al., and purely 
clinical investigations of bladder dysfunction after 
abdominoperineal resection are numerous.*^? [n our 
investigation neurogenic bladder paresis occurred in 
two of 26 patients (7.7%, 95% c.l. 1-25%); in 
other investigations a substantially higher frequency 
of neurogenic bladder paresis has been found, but this 
could very well be due to selected patient series 


Average flow rate 
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(5996,9 5006,» 3896,? 2896,* 2596,15 1096,!» 776*). In our 
investigation four males with very mild preoperative 
bladder outlet obstruction all required surgical relief 
of obstruction because of aggravation following ab- 
dominoperineal resection. This observation is in 
agreement with experiences in selected patient 
series.?:3:5.6.8.10.13,14,17—19 

We conclude from our investigation that larger con- 
secutive series of abdominoperineal resections have 
to be investigated to define more exactly the risk of 
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neurogenic bladder paresis. We also conclude that 
urological evaluation is desirable following abdomino- 
perineal resection in order to detect bladder dysfunc- 
tion at an early stage. In patients without obvious 
bladder dysfunction in the postoperative period, 
spontaneous urinary flow measurement and cystometry 
would probably be an attainable and sufficient screen- 
ing procedure in all hospitals. 
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Diagnosis, Treatment and Prognosis of Early Melanoma 


The Importance of Depth of Microinvasion 


There are many clinicopathologic features of the lesion and 
host which influence the natural course of melanoma. Cur- 
rently, the most important prognostic factor appears to be 
the depth of invasion of the primary lesion. Using either the 
Clark's level of microinvasion or the tumor thickness as 
measured by Breslow, there is good correlation of decreasing 
survival rates, and increasing incidence of occult metastasis 
in regional nodes with deeper invasion of the tumor. Thus, 
proper diagnosis and treatment of primary melanoma depends 
on the information of depth of microinvasion. And patients 
with high-risk of developing occult metastasis in regional nodes 
can be identified. Although two recent studies question the 
value of performing prophylactic regional lymphadenectomy, 
none of these studies utilized depth of microinvasion to select 
patients who have a high chance of having extension or relapse 
only in regional nodes. 


ELANOMA IS THE MOST malignant skin cancer. In 
the United States, it is estimated there will be 
13,600 new cases of melanoma diagnosed in 1979. This 
is about 4.5% of the 300,000 cases of skin cancers, and 
about 396 of the 465,000 malignant cases of all non- 
cutaneous sites. Melanoma is often misdiagnosed be- 
cause the possibility of its existence is not suspected 
or because of inappropiate initial biopsies. The surgical 
treatment of the primary lesion and regional lymph 
nodes is still subject to much controversy. In this re- 
view, it is emphasized that a logical treatment plan 
depends on the understanding and acceptance of the 
importance of depth of invasion of the primary mel- 
anoma. 

One notable feature of melanoma is the often over 
emphasized unpredictability of its natural course: A 
lesion as small as 5 mm can be followed by wide sys- 
temic spread,? while spontaneous regression can be 
seen in 0.1—13% of the cases.*?? Some lesions are ini- 
tially very aggressive, while other lesions may lie 
dormant for 10—15 years and then produce sympto- 
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matic metastatic disease. However, in over 90% of the 
melanomas, the prognosis and clinical course can be 
predicted by clinicopathologic features of the primary 
lesion and the host.?! ?*:*? Stage for stage, lesions of the 
trunk behaves badly, while lesions of the extremities 
had much better outlook.*'** Melanoma in female pa- 
tients, especially among early stages and those in old 
age groups, had much better prognosis than that in 
males. *9.6! 

There are three types of melanomas based on gross 
appearances: lentigo maligna (Hutchinson's freckle), 
superficial spreading, and nodular. Clark et al.'' have 
reported a mortality rate for Hutchinson's freckle as 
10%, superficial spreading 31% and nodular 56%. 
Gross diameter of the lesion? and whether there is 
ulceration, bleeding or not?! influence prognosis. 
Several histologic factors of the primary lesion are 
very important, such as depth of invasion, degree of 
lymphocytic infiltration,?* mitotic rate,**° vascular and 
lymphatic invasions,?^*" etc. Although many of the 
histopathologic factors are interrelated, currently, 
the single most important factor is depth of invasion. 
It seems to have the greatest influence on the natural 
history and correlate best with the incidence of regional 
node and systemic metastasis. 


Depth of Invasion Versus Prognosis 


Presently there are two methods for determining 
the depth of invasion. They are 1) levels of microin- 
vasion according to Clark’s criteria,!! and 2) the thick- 
ness of the lesion as described by Breslow.* 

Clark's level versus survival rates. The concept of 
predicting the biologic behavior of primary melanoma 
from histologic characteristics including depth of in- 
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vasion was first formulated by Allen and Spitz in 1953.' 
Several other workers also clearly showed that prog- 
nosis in malignant melanoma is related to -he depth of 
invasion of the tumor.*'^* Clark et al.!' ir. 1969 first 
designated five anatomic levels: 


Level I: All tumor cells are above basement mem- 
brane. Such lesions should only be called 
in situ lesions, and not melanoma. 

Level II: Neoplastic cells extend into papillary 
dermis. 

Level III: The tumor accumulates along the inter- 
face and impinges on the uppe- part of the 
reticular dermis. 

Level IV: Neoplastic cells infiltrate bundles of col- 
legen of the reticular dermis. 

Level V: Tumors invade into subcutaneous fat. 


Using this classification, Clark et al.'' studied 208 
patients of various sites and stages with an overall dis- 
ease free survival rate of 41%. The comparable figures 
for different levels were: 72% for II, 47% for III, 32% 
for IV, and 12% for V. Breslow’ studied 138 Stage I 
patients (localized melanoma only, without palpable 
regional lymph nodes) and reported on d sease free 
survival rate of 67%. The figures for diffe-ent levels 
were: 96% for II, 67% for III, 38% for IV. and 22% 
for V. 

Since then many other workers have used the 
Clark's classification of levels in over 2,00) patients, 
and reported five-year survival rates as listec in Table 
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1. It shows that there is a definite correlation of sur- 
vival rates with the Clark's levels of invasion. The 
median five-year survival rates for each levels are as 
follows: II: 90%, III: 68%, IV: 50%, and V: 28%. 

Clark's level vs. incidence of nodal metastasis. His- 
torically, prophylactic dissection of regional lymph 
nodes as an adjuvant to resection of melanoma was 
first proposed by Handley in 1907.? Knutson et al.” 
summarized eight reports in the literature from 1949 
to 1965 and showed that from 13 to 50% of clinically 
noninvolved regional lymph nodes contained metas- 
tases by histologic examination (mean = 35%, median 
= 40%). 

In 1972, Donnellan et al.'? were the first to show 
that there Was a striking correlation between the depth 
of dermal invasion according to Clark's classification 
and the incidence of eventual lymph node metastases. 
Among 104 cases of Stage I melanoma of the head and 
neck, about 33% either had histologically positive neck 
dissection or died with disease in the neck. According 
to levels, they were 6% for II, 29% for III, 32% for IV. 
and 63% for V. A retrospective study by Franklin et 
al.” on 296 patients with malignant melanoma of 
various sites also found that the level of dermal invasion 
of the lesion correlated with metastases to regional 
nodes. Of patients with level II lesions, 7.4% devel- 
oped positive nodes; with level III, 42%: with level 
IV, 52.7%; and with level V, 93.5%. 

As shown in Table 2, for clinically Stage I lesions, 
about 14-27% of the cases had histologic metastasis 


TABLE 1. Five-year Survival Rates of Fatients with Melanoma According to Clark's Level of Microinvasion 





Five-year Survival Rates (Per Cent) 





Clark's Level 





Patient Clinical 
Reference Year Number Primary Site Stages* II IH IV V Subtotal 
Donnellan et al." 1972 104 Head & Neck I 95 73 70 55 — 
Mehnert & Heard!5^ 1973 731 All I 85 — 43 — 11 59 
Wanebo et al.” 1975 151* Extremity I 100 88 65 I5 79 
Veronesi et al. 1977 249 Extremity I — 79 64 — 71 
Hansen & McCarten™ 1974 141 All LH 100 70 50 40 — 
Breslow’ 1975 138+ All I, Il 96 67 38 22 67 
Das Gupta" 1977 150+ AIl [..H 100 95 50 37 76 
Cohen et al." 1977 118 All I, II 80 53 58 45 — 
Balch et al.* 1978 208* All L Il] 94 71 43 27 68 
Kapelanski et al.*” 1979 104 All I, II 85 63 38 23 55 
McGovern” 1970 183 All I-III 84 65 49 29 62 
Cady et al." 1975 176% All I-III 86 67 67 11 67 
Elias et al.'? 1977 248 All I-III 62 46 -30 10 — 
Total 2.042 
Minimum 62 46 30 10 55 
Maximum 100 95 70 $3 79 
Median 90 68 50 28 67 


* Description of Clinical Stages: I— Localized primary melanoma. 
II — Clinical metastases to regional lymph nodes. III — Disseminated 
melanoma. 


* Survival rates were for free of disease. 
t Survival rates at 6-year disease free. 


\ 


~ 


~~ 


« 








* Description of Clinical Stages, see footnote of Table 1. 


in the nodes with prophylactic lymphadenectomy 
(median 20%). The incidences went up progressively 
with Clark's levels: II: 0—1546, III: 4-—18%, IV 17- 
45%, and V: 17-70% (medians 4%, 14%, 27% and 
33% respectively). The incidence of nodal metastasis 
is higher if one includes both Stage I and II patients 
(Stage II = with palpably enlarged regional nodes). 
When therapeutic lymphadenectomy is performed in 
patients with Stage II disease, over 80% of the nodes 
did have metastasis, even though the primary mel- 
anoma may only be a level II lesion. 

In clinical Stage I patients, the presence or absence 
of microscopically positive nodes is a critical factor 
for prognosis. And it appears that the presence of posi- 
tive nodes overrides the prognostic importance of the 
histologic level of the primary itself. For instance, 
among patients with Stage I and level IV disease, those 
with histological positive nodes had only a 27% five- 
year survival rate as compared to 82% for patients with 
negative nodes."? Thus, decreased survival in patients 
with increasing level of invasion appears to be due to 
the fact that the incidence, and numbers, of positive 
nodes is greater in those patients with deeper levels of 
invasion. 

Breslow's thickness of melanoma. In 1970, Bres- 
low® reported that the depth of invasion of the 
melanoma could be easily measured with an ocular 
micrometer. The thickness of the melanoma is meas- 
ured from the skin surface, or the uppermost part of 
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TABLE 2. Incidence of Regional Nodal Metastasis According to Clark's Level of Microinvasion 
BL LL ——————RRRRCARARARCARLLELLSÉocÓÓÁ———————————————————————————M—————— 
Nodal Metastasis (Per Cent) 
Clark's Level 
Patient Clinical 

Reference Year Number Primary Site Stages* I IH IV V Subtotal 
Wanebo et al.” 1975 159 Extremity I 4 J 25 70 18 
Fortner et al.” 1977 162 Trunk & extremity I 0 14 31 33 20 
Holmes et al.?5 1976 60 All I — 16 45 — Zi 
Holmes et al.” 1977 160 All I — 18 27 33 22 
Cohen et al.” 1977 61 All I 15 14 35 33 21 
Goldman et al.?* 1978 42 All I = 4 —— 26 — 14 
Kapelanski et al.*” 1979 26 All I 0 18 — |17 — 15 

670 I 
Minimum 0 4 17 17 14 
Maximum 15 18 45 70 27 
Median 4 14 27 33 20 
Franklin et al.*° 1975 119 All I, H 7 42 53 94 43 
Eilber et al.'* 1976 34 Head & Neck D, Tl — 30 70 =e 50 
Elias et al.'? 1977 — All LH 25 30 45 65 — 
Das Gupta"? 1977 269 All I, Il S 36 68 84 44 
Fortner et al.” 1977 26 Trunk & extremity II —10— 63 100 54 
Holmes et al.*” 1977 42 All II — 88 90 83 88 
Cohen et al.'? 1977 57 All I] 100 84 100 100 9] 
Total 1,217 





the granular layer of the epidermis,” to the deepest 
point of invasion. He recommended that the entire 
tumor be cut at 1-2 mm sections, perpendicular to 
the surface of the skin. In ulcerated lesions, the thick- 
ness was recorded from the base of the ulcer to the 
base of the tumor. In cases where the distance from 
the top of the granular layer to the base of the 
tumor was greater than the distance from the ulcer to 
the base, the larger value was recorded.* Breslow’ 
showed that lesions less than 0.76 mm in maximal 
thickness had a most favorable prognosis and none 
had regional node metastasis when prophylactic 
lymphadenectomy was carried out. The smallest 
lethal melanoma in his series of 98 patients was 0.88 
mm thick. Breslow? also showed that prophylactic 
dissection doubled the five-year disease-free survival 
rate for patients with lesions greater than 1.50 mm 
thick but not for those with thinner lesions (64 vs. 
3196, p « 0.03). 

For Stage I disease, Wanebo et al." showed a 
progressively increased incidence of occult nodal 
metastasis with increasing thickness of the primary 
melanomas: 596 for leisons less than 1.5 mm thick, 
8% for 1.6-2 mm thick, 22% for 2.1-3.0 mm thick, 
and 39% for lesions thicker than 3.0 mm. Holmes et 
al." showed 10% of lesions 0.77—1.5 mm thick had 
occult regional metastasis in contrast to 20% of lesions 
greater than 1.5 mm thick. Balch et al.? followed 78 
patients who had excision of the local primary only. 
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TABLE 3. Five-year Survival Rates of Patients with Melanoma According to Breslow's Thickness of Lesion 
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Five-year Survival Rates 


Tumor Thickness in Millimeter 













Patient Clinical 
Reference Year Number Site Stages* —0.75 |-100 | -1.50 | -2.25 | -3.00 | -4.50 | 4.51 
Hansen and | 
McCarten? 1974 154 All I, H 100% 715% 40% 
Wanebo et al.” 1975 139+ Extremity — 1 100% 
Kapelanski et al^ 1979 9l — All Il 42% 
Total 1,251 










* Clinical stages (see footnote under Table | for description of 
Clinical Stages). 


By three years, the total incidences of nodal disease 
were as follows: 0% for lesions less then 0.75 mm thick, 
25% for 0.76—1.5 mm thick, 57% for 1.5-4 mm 
thick, and 6246 for lesions more than 4 mm thick. 

Corresponding to the incidence of nodal metastasis, 
there is a definite worsening of prognosis with in- 
creasing thickness of the primary melanoma (Table 3). 
Although there is a rough correlation of thickness of 
melanoma and Clark's level of invasion. Wanebo et 
al.” showed that there was a direct relation between 
the measured depth of invasion and death rate at five 
years. Mortality from melanoma at five years could 
be equated with ten times microinvasion in milli- 
meter. Microstaging by direct measurement of tumor 
thickness gave a better prognostic correlation than 
was found using Clark's Level of invasion. 

Balch et al.* found within each of Clark's level 
II, IH and IV groups, there were gradations of thick- 
ness with statistically different survival rates. They 
showed a more significant survival differences using 
4 mm rather than 3 mm as the lower limit for the 
thickest lesions. Melanoma thickness was an in- 
dependent variable influencing five-year survival, even 
after 12 other prognostic factors (such as sex, loca- 
tion, surgical treatment and growth pattern) had been 
accounted for. 

In general, Breslow's direct measurement of depth 
of invasion is much easier to perform. and more 
reproducible on blind re-evaluation by the same 
pathologist." It may be more objective than assign- 
ment of Clark's levels, especially in certain lesions. For 
instance the extent of the papillary dermis in sites 
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such as skin of the elbow, knee, subungual area and 
sole of the foot is poorly defined on histologic sec- 
tions and as a result the determination of Clark’s 
levels of invasion in these areas proved to be highly 
subjective.” The most troublesome differentiation for 
the pathologists appears to be calling level III's, 
level IV's, and vice versa.® Experience in interpreta- 
tion is essential, but it appears that the identification 
of lesions extending into level III will consistently be 
the source of most errors. 

Skepticism of depth of invasion. Although the 
majority of reports cited in Tables 1-3 emphasized 
that the depth of invasion is the most important prog- 
nostic factor, there are a few differences of opinion. 

Cohen et al." noted the substantial survival dif- 
ference at five years according to difference in the 
Clark level of invasion disappeared at ten years 
following wide excisions of the primary and lymph 
node dissections. They found that the pathologic 
status of the lymph nodes and the site of the pri- 
mary melanoma were stronger prognostic indicators 
than the level of invasion or thickness of the primary 
melanoma. Although these two factors (lymph node 
status and site of melanoma) were interrelated, each 
had its own independent effect. For instance, among 
patients without nodal metastasis, patients with mela- 
noma of the extremity had a much better prognosis 
then those with axial lesions. They emphasized that € 
the most important factor for predicting prognosis is 
the number of lymph nodes histologically involved. At 
five years postoperatively, the percentage of survival 
is 73% if the lymph nodes were histologically nega- 
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tive, 55% when one to three lymph nodes were in- 
* volved, and 26% when four or more nodes were 
involved. They did find a correlation of depth of 
invasion and numbers of positive nodes: Among 
level III and IV lesions, about 20% of the cases had 
four or more nodes involved, while 6296 of those with 
level V lesions did. 

Balch et al.* also found that Clark's level did not 
correlate with survival in patients with pathologic 
Stage II disease. The number of metastatic nodes 
and other parameters were overriding factors. A multi- 
factorial analysis was used to identify the dominant 
prognostic variables affecting survival from a com- 
puterized data base of 339 melanoma patients. Five of 
the 13 parameters examined were found to inde- 
_pendently influence five-year survival rates: 1) patho- 
logic stage (I vs. II), 2) lesion ulceration (present vs. 
absent), 3) surgical treatment (wide excision vs. wide 
excision plus lymphadenectomy), 4) melanoma thick- 
ness, and 5) location (upper vs. lower extremity vs. 
trunk vs. head and neck). Additional factors con- 
sidered that had either indirect or no influence on 
survival rates were clinical stage of disease, age, sex, 
Clark's level of invasion, pigmentation, lymphocyte 
infiltration, growth pattern, and histologic evidence of 
regression. Most of these latter variables derived their 
prognostic value from correlation with melanoma 
thickness, except sex which correlated with location 
(extremity lesions were more frequent on females, 
trunk lesions on males). 

Cady et al.? found that body location, gross diameter, 
. mitotic rate and depth of invasion were all useful 
criteria influencing prognosis and results of surgical 
treatment of melanoma. Kapelanski et al.*? noted that 
the combination of lesions with ulceration of 6 mm, 
high mitotic activity, or the presence of perineural, 
vascular or lymphatic invasion lessened the three-year 
survival rate to under 15%. They believed that the 
five-level depth of invasion devised by Clark is un- 
necessarily complex, and prefer to use the more uni- 
versally defined anatomic terms, such as "'reticular" 
which corresponds to "thick" Clark level III and all 
IV lesions. 

In Table 3, the survival results of Kapelanski et al.*° 
are lower than all Clark's level III as contrasted with 
20-38% of other series. One explanation could be be- 
cause their classification of the primary melanoma is 
less reliable than others. They had 193 recorded 
melanoma cases, but only 113 were studied because 
of the availability of histological sections of the original 
tissues. Specifically, "relatively few of the melanomas 
were first excised by us." These random sampling 
error could also accounted for the 12 patients in the 
literature who had metastatic disease from primary 
lesions presumed to be less than 0.76 mm thick.'***° 
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Approach to Biopsy and Excision of Primary Melanoma 


Proper biopsy method. Histologic examination of all 
skin lesions by a competent pathologist is the only 
correct way for the diagnosis of melanoma. As dis- 
cussed above, just having a histologic diagnosis of 
melanoma is not enough, the pathologist must have an 
optimal specimen to describe the levels of micro- 
invasion and to measure the thickness of the deepest 
tumor. 

Most important of all one should keep a high index 
of suspicion when dealing with skin lesions. Even in 
a Oncologic Skin Unit, the clinicians’ diagnostic 
accuracy for melanoma is only about 6596.'* This 
means that in one out of every three histologically 
proved melanoma, an error in clinical diagnosis was 
made. Electrocoagulation or dessication without biopsy 
is not wise. Do not ever "burn off" a mole with a 
cautery.'" Punch, curettage, shave, or simple scissor 
excision do not give an adequate specimen for exam- 
ining depth of invasion.* For similar reason, frozen 
section should not be used. 

Thus total excisional biopsy with a cold knife is pre- 
ferred in lesions suspected of being melanoma.” Ex- 
ceptions include lesions that are so large or so ana- 
tomically situated that total removal would involve a 
disfiguring procedure or one in which closure could 
not be accomplished by a simple primary suture tech- 
nique. In such instances, an incisional biopsy is 
indicated, provided that a representative sample of 
the deepest portion of penetration could be ob- 
tained. Selecting the most nodular area and extend- 
ing the incision into the subcutaneous fat will provide 
the greatest accuracy as to the actual depth of the 
neoplasm. All biopsy material should be serially sec- 
tioned at 1—2 mm intervals at right angles to the long 
axis of the specimen.*? 

Some clinicians have expressed concern that a pre- 
liminary biopsy of a melanoma might disseminate the dis- 
ease. However, the survival rate of patients who had 
initial biopsies or simple excisions were similar to those 
who were radically excised at the outset.?? In fact, at 
ten years after diagnosis, those patients who had 
biopsies survived better than those without (83.5 vs. 
66.5%). Jones et al.?? found the five-year survival rate 
of patients who had had incisional biopsy was similar 
to that of the whole series. Knutson et al.*' found that 
the survival rates were similar among those who had 
previous biopsy, whether incisional or excisional, 
and those who did not. For melanoma of the head 
and neck areas, Ames et al.? showed no significant 
difference in survival or local recurrence between pa- 
tients with intact primaries or those who had either 
excisional or incisional biopsy. 

Wide excision of primary melanoma. Wide surgical 
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excision is generally performed for gaining local con- 
trol of the primary melanoma. Different reports have 
expounded upon the necessity of removing 3 cm, 4 cm 
or up to 6 cm in all directions from the lesion. Breslow 
and Macht? gave a rational guideline by pointing out 
that the optimal width of the resection margin should 
be a function of the tumor thickness. For melanoma less 
then 0.76 mm thick, none had local recurrence or 
metastasis subsequently even with very limited margin. 
For such lesions, 2 cm margin would be very ade- 
quate." For more invasive lesions, most oncological 
surgeons recommend a 5 cm margin beyond the 
clinically visible perimeter of the lesion or scar from 
the original biopsy.!^?5*4»5? Although, there is one 
report in the literature suggesting that removal of deep 
fascia might increase metastasis to the lymph nodes. 
most surgeons do include the underlying deep fascia.? 
For patients who had previous excisions. it is dif- 
ficult to determine how deep the previous surgeon 
had carried out the removal. And recurrent melano- 
mas have been found lying in close proximity to the 
underlying fascia. 

In the great majority of instances, adequate ex- 
cision will necessitate the use of split-thickness skin 
grafts. Neifeld and Chretien?^* advised wider excision 
of subcutaneous fat for better cosmesis and to fa- 
cilitate approximation of the epidermis to the under- 
lying muscle. As a general rule, any malignant melanoma 
excised without placement of a skin graft has not been 
adequately excised. Seigler and Fettier^" emphasized 
that not only the location but also the gross type of 
melanoma should influence the extent of excision. For 
superficial spreading melanoma and Hutchinson’s 
melanotic freckle, there seems to be a field effect with 
lateral extension and, therefore, such lesions should 
have a wider margin of excision than melanoma with 
no adjacent intraepidermal component as seen in most 
nodular melanomas. However, others pointed out, that 
nodular melanomas almost invariably invade to level 
III or deeper, and whenever feasible. 5 cm margin 
is recommended. 

One can not disregard cosmesis and function when 
treating facial lesions or melanoma near the eye. 
Subungal melanoma should be managed by an amputa- 
tion, generally at the metatarsal or metacarpal 
phalangeal joint, with no attempt at local excision and 
coverage. Plantar or palmar melanomas should be 
treated with wide local excision and full thickness skin 
grafting. Split-thickness skin grafts can tolerate weight- 
bearing and the fear of wound-breakdown in these areas 
should not compromise adequate local excision. If 
necessary, revision can be performed later. 


Guidelines for Prophylactic Lymphadenectomy 


The question of whether to dissect the regional 
nodes in clinical Stage I disease has been a contro- 
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versial issue for many years. There is a vast literature 
arguing both sides of this issue before the importance» 
of depth of invasion of the primary melanoma was 
well known. 

Overall pros and cons for prophylactic lymph- 
adenectomy. The proponents of prophylactic node dis- 
section point to a 10-20% improvement in survival 
when lymphadenectomy is done routinely for Stage I 
melanoma.!59»3157 Patients who had prophylactic 
lymphadenectomy had fewer problems with local re- 
currence and regional node metastases (9 vs. 4062).?! 
In patients with clinical Stage I disease. the removal 
of normal regional nodes does not appear to affect the 
host-tumor balance because the incidence of local 
failure after removal of uninvolved lymph nodes was 
similar to that of patients who did not have lymphade- 
nectomy.?? 

Skeptics of prophylactic lymphadenectomy em- 
phasize that the difference in survival rates or in- 
cidence of recurrence between patients treated with 
wide resection alone and those who had added 
lymphadenectomy is not statistically significant. !4:4!-6 
However, even skeptics*! recommend elective dissec- 
tion of the regional nodes for melanoma of the head, 
neck, or upper extremities, when the lesion extends 
below the level of papillary dermis. For lower 
extremity lesions, they would not routinely remove 
the ilioinguinal nodes except when groin dissection 
could be performed in continuity with the primary 
tumor. 

Using a mathematical model, Polk et al. showed 
that the probability for benefit from prophylactic 
removal of the regional nodes might outweigh the 
"harm" when the chance of metastases to the lymph 
nodes was 20% or greater. Spratt et al.** concluded 
that prophylactic groin dissection could be justified 
when a cancer, including melanoma, demonstrated 
at least an 18% likelihood of metastases to the 
inguinal lymph nodes. Currently, it appears that a 
high-risk group can be selected using the informations 
of Clark’s level of microinvasion and Breslow’s 
thickness of the tumor as discussed before. 

Depth of invasion and elective lymphadenectomy. 
Mehnert and Heard?" were the first to apply microstag- 
ing method to evaluate the results of surgical treat- 
ment of primary melanoma. They showed that wide 
excision and prophylactic node dissection had a 20% 
better five-year survival rate over those without node 
dissection for their intradermal lesions (correspond- 
ing to Clark's level III and IV). Wanebo et al.” 
showed that patients with level III lesions do SIg- 
nificantly better when they had prophylactic node 
dissection, while Goldman?* advised elective for pa- 
tients with level IV and V lesions. 

Using Breslow's thickness of melanoma as a cri- 
terion, Hansen and McCarten?* found that the addi- 
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tion of elective node dissection offered significantly 
(improved survival for melanoma invading 1.5 mm or 
deeper, especially in cases with minimal lymphocytic 
infiltration. Balch et al.? reported patients who had 
elective lymphadenectomy in addition to wide excision 
of primary melanoma (0.77-3.99 mm) had a sig- 
nificantly better five and eight year survivals (86 and 
8296 respectively) than those who had excision only 
(58 and 2546 respectively). 

In patients with melanomas exceeding 4.0 mm in 
thickness, the potential benefits of prophylactic nodal 
dissection were less apparent because of a high risk 
(more than 70%) of distant metastases at the time of 
initial diagnosis. However, Balch et al.? believed for 
patients with lesions exceeding 4 mm thickness, 
_lymphadenectomy is still justified as a staging pro- 
cedure. Identification of positive nodes may be useful 
in the selection of adjunctive therapy because of the 
poor prognosis of these patients. Although many con- 
trolled randomized studies so far have shown no ad- 
vantage of adjuvant treatment using either chemo- 
therapy or immunotherapy or both for Stage I and II 
disease, many protocols using combinations of old 
and new agents are being conducted now. 

Others recommended the use of both Clark's levels 
and Breslow's thickness of lesion to decide whether 
to perform elective lymphadenectomy or not. Both 
Das Gupta!’ and Holmes et al.” recommended omis- 
sion of elective lymphadenectomy for level II lesions 
and for thin level III (—0.75 mm) melanomas. For 
Stage I melanoma of the extremities, Wanebo et al." 
- recommended wide excision alone for lesions classified 
as Clark level II and measuring less than 0.9 mm in 
depth. Prophylactic node dissection (either as con- 
tinuous or discontinuous dissection) is added for mela- 
nomas classified as Clark level III to V, and for lesions 
showing one mm or greater invasion at any Clark level. 
As seen from Table 2, the chance of occult lymph node 
metastasis in such lesions is 20% or higher. 

However, some surgeons still use other clinical and 
pathologic factors in addition to depth of invasion 
when making therapeutic decision. Cady et al.” re- 
ported elective nodal dissection benefited only 10% 
of the patients whose melanoma occurred on the arm, 
head and neck, and those with combinations of low 
mitotic rate, maximal diameter less than 1.5 cm or 
level II depth of invasion. On the other hand, all 
nodular melanoma and deeper lesions of the leg and 
trunk had more than 30% risk of regional nodal 
disease, and prophylactic nodal resection was indi- 
cated. Rosenberg said?* regional lymph node dis- 
section is not recommended for level III lesions of 
the lower extremity, because of the higher morbidity 
of groin dissection. 

Lymphadenectomy for melanoma of the trunk and 
lower extremity. All the previous recommendations 
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for prophylactic lymphadenectomy are applicable 
usually for tumors draining into a single lymph node 
basin. For melanoma situated in a location that drains 
to more than one nodal region, some surgeons" prefer 
close observation, while others would not hesitate to 
perform lymphadenectomy of multiple regions.?" 

Lymphatic vessels from the upper half of the trunk 
drain into the axilla, and those from the lower half 
drain into the inguinal region. Although Fortner 
et al.? proposed the eighth rib as the line of division, 
others showed that the Sappey's line, which was dem- 
onstrated over a century ago by Sappey using mercurial 
injection at autopsy, is a better lymphatic '"'water- 
shed." This line encircles the trunk somewhat above 
to what is ordinarily called the belt-line.*” Vertically, 
the watershed is about 2 cm cephalad to the um- 
bilicus. It encircles the trunk posteriorly to reach the 
second intervertabral disk. Sugerbaker et al. em- 
phasized that a 2.5 cm band should be added on either 
side of this line to allow biological variability. 

For better delineation of lymphatic flow in am- 
biguous trunk melanomas, Fee et al.” injected radio- 
active colloid gold and performed tomographic scans 
24 hours later. Among 57 patients, 17 had proven 
nodal metastasis. No lymph node metastasis were 
found at sites other than those taking up the colloid 
gold. This noninvasive technique seems to be more 
useful than the lymphangiogram, which could have a 
false positive rate of about 28% and a false negative 
rates of 12%.* 

Since the added dissection of deep pelvic nodes 
(iliac and obturator) has a much higher rate of 
chronic lymphedema than resection of inguinal nodes 
alone (46 vs. 796), there is a controversy whether 
all patients should have pelvic dissection with every 
superficial or inguinal dissection. Similar to the argu- 
ment against supraradical mastectomy in breast can- 
cers, there is data showing that very few of those 
with positive iliac nodes survived five years. The chance 
of having pelvic nodal metastasis without involving 
groin nodes is very small. One series reported only 
one case among 220 groin dissections for melanoma.?? 
McCarthy et al. reported 24 patients who had 
inguino-iliac dissections: 12 had positive groin nodes 
and three of these had positive iliac nodes; another 
12 had negative groin metastasis, only one had positive 
iliac nodes (rate among positive nodes 1/13 = 8%). 
Thus, the recommendation is to remove the groin 
specimen, which contained both superficial and deep 
inguinal nodes, and obtain an immediate frozen sec- 
tion. If the nodes were negative for metastasis, no 
pelvic dissection is performed.?' 

However, Das Gupta!’ has treated 94 melanomas of 
the lower extremity (excluding subungual melanomas). 
All had an exploratory celiotomy followed by radical 
groin dissection if there was no intra-abdominal 
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metastasis (this occurred in six patients). Forty of the 
88 patients (45%) had nodal metastasis: 33 involved 
inguinal nodes, eight of these also involved deep 
pelvic node, and seven had pelvic node metastasis 
only (7/40 = 18%). He showed that pelvic node in- 
volvement could be controlled by resection alone. 
because all three of the seven patients eligible for 
five-year analysis were alive and free of relapse. 

A way to decrease the problem of lymphatic ob- 
struction of the lower extremity is to perform the deep 
pelvic dissection through a midline abdominal in- 
cision.'* With this approach, biopsies of the liver 
and para-aortic lymph nodes, exploration of the gastro- 
intestinal tract can be carried out. Among the six 
patients who had intra-abdominal metastasis from 
melanoma of the lower limbs, Das Gupta" noted liver. 
periaortic and peripancreatic metastases. He also per- 
formed celiotomy for all patients with clinically posi- 
tive regional nodes and those with Clark level IV or V 
melanoma of all sites. Among seven patients with level 
V melanoma ofthe upper extremity, apparently two had 
liver metastasis by exploratory celiotomy. 

Recent randomized prospective trials of elective 
lymphadenectomy. WHO study. From 1967 to 1974. a 
multicenter (17 cancer institutions) international (12 
countries) clinical trial was carried out involving 553 
cases of Stage I melanoma of the peripheral limbs.* 
About half of the patients had only excision of the 
primary melanoma with 3 cm margin, the other half 
had additional prophylactic regional lymphadenectomy. 
When the data were analyzed according to sex, site. 
maximal diameter or depth of invasion, there was no 
significant difference in survival between the two 
groups. In another words, delayed therapeutic dissec- 
tion is just as good as immediate prophylactic lymph- 
adenectomy when patients can be followed at three 
month intervals. 

Overall, 19.7% of those who had elective lymph- 
adenectomy had occult metastasis, and in 24.4% of those 
with excision alone, regional lymph node metastases 
developed in the subsequent five years. Strangely, the 
five-year survival rates of these two groups of patients 
were very similar: 36.8% for those with occult 
metastases vs. 30.2% for those with palpable metasta- 
ses. In the American literature, Das Gupta" reported 
a study of 150 patients, all treated with wide excision 
of primary and lymphadenectomy by one surgeon. For 
all patients who had no nodal metastasis, 97% were 
well at five-year. For patients with microscopic nodal 
metastasis 69% were disease free at five years, in 
contrast with only 13% who had metastasis in clinically 
enlarged nodes. 

It must be pointed out that among the 553 patients, 
309 cases could be evaluated for maximal tumor 
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thickness and 246 for Clark levels. Their incidence of 
occult nodal metastases is less than 40% even for the 
thickest or deepest invasive melanoma.” Although not 
Statistically significant, they did show better five-year 
survival rates for patients who had elective lymph 
node dissection for Clark's level IV lesions (70.1% vs. 
58.3%) and for lesions of 1.6-4.5 mm thick (78.5% 
vs. 69.7%). 

This study is limited to a part of the extremities 
only: Lesions of the proximal two-third of the thigh 
and proximal half of the arm were excluded. Thus, it 
excludes two regions where one would expect maximal 
potential benefit from lymphadenectomy since the 
nodal drainage basin is in close proximity to the pri- 
mary melanoma.*"* Another unusual factor in this study 
is the preponderance of females (450 vs. 103 males) 
and lower extremity lesions (458 vs. 95 upper limbs). 
Lower extremity melanomas in women have been 
shown to have a more favorable prognosis. Gold- 
smith”? cautioned that conclusions drawn from Euro- 
pean populations may not be a true reflection of 
large numbers of patients with melanoma seen in the 
United States. The results of any international study 
should make one consider the concept of sector 
variability, since worldwide data may not pertain to 
any specific area. 

Mayo Clinic Study. In 1972, a prospective study at 
Mayo Clinic** randomly assigned patients with Stage I 
melanoma after wide excision of primary into three 
groups: 1) no lymphadenectomy; 2) delayed lymph- 
adenectomy two to four months after excision: 3) im- 
mediate lymphadenectomy. Patients excluded included 
those with level II melanoma, midline lesions. or 
melanoma situated directly over the node-bearing area. 
Among 367 Stage I patients seen, 194 were excluded 
for various reasons, and 173 cases entered. 

About two-thirds of their patients had lesions less 
than 1.5 mm in thickness. Among 110 cases who had 
elective lymphadenectomy (Groups 2 + 3), only seven 
patients had occult metastasis. In Group | patients, 
14% subsequently developed regional metastases. With 
such low yield of nodal metastasis and limited follow- 
up, it is not surprising that they found no difference 
in survival or relapse among the three groups. Still 
their results showed that the rate of metastases (num- 
ber of patients per 1,000 person-years) was increased 
significantly by age of the patient (more than 60 
years), by invasiveness (levels IV and V) and thick- 
ness (more than 1.5 mm) of the melanoma. 

Since prospective studies usually include more pa- 
tients with earlier lesions, the therapeutic advantage 
of prophylactic lymphadenectomy may not show up 
until longer follow-up. Balch et al. found that the 
survival differences between patients who had wide 
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local excision and those who had elective regional 
node dissection continued to increase after the fifth 
postoperative year for patients with melanoma of 
intermediate thickness (1.50—3.99 mm). At five years, 
patients who had wide excision of primary melanoma 
plus elective regional node dissection had a calculated 
1596 incidence of distant metastases and an actuarial 
survival rate of 8396, while patients who had wide 
excision alone as their initial surgical treatment had a 
7896 incidence of distant metastases and a 3746 sur- 
vival rate. At eight years, the actuarial rate for dis- 
tant metastasis was 86% for the excision only group 
compared to 16% in the excision plus lymphadenectomy 
group. It is possible, therefore, that the trends in the 
WHO and the Mayo Clinic series may become more 
-significant with longer follow-up. 


Conclusions 


In over 9096 of the melanomas, the natural course 
can be predicted by clinicopathological features of the 
primary lesion and the host. Many of these factors 
are interrelated, and currently, the single most im- 
portant prognostic factor is depth of invasion of the 
primary melanoma as seen under the microscope. 
Using either the Clark's level of microinvasion or the 
tumor thickness as measured by Breslow, there is good 
correlation of decreasing survival rates, and increasing 
incidence of occult metastasis in regional nodes, with 
deeper invasion of the tumor. 

Since the diagnosis of melanoma is missed by 
- clinicians in over one-third of the cases, all skin lesions 
should be properly biopsied. Total excisional biopsy 
with a cold knife is preferred, except for large lesions, 
to give the pathologist the opportunity to study the 
depth of invasion. For melanomas less than 0.76 mm 
thick, the primary lesion can be resected with limited 
margins. For deeper lesions, most oncological sur- 
geons advocate resection with a 5 cm margin, includ- 
ing the underlying fascia. Facial and subungal melano- 
mas deserve special treatment. 

The surgeon's dilemma of whether to dissect 
clinically uninvolved regional nodes or not is still 
an unsettled issue. However, a group of patients with 
high-risks of developing metastasis in regional nodes 
can be identified using the information of Clark's 
level of microinvasion and Breslow's thickness of the 
tumor. Clark's level II melanoma and level III lesions 
that are less than 0.75 mm thick rarely recur or 
metastasize. Lesions thicker than 4 mm or invading 
~ deep subcutaneous fat (level V) have a more then 70% 
' chance of harboring distant metastases at the time of 

initial diagnosis. Melanomas presented somewhere in 
between the above two extremes have a high chance of 
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having extension or relapse only in regional nodes. 
Additional clinical and pathological factors which in- 
fluence biological behavior and therapeutic choices are 
discussed in the text. 

Currently, there are two published reports of 
randomized and prospective trials of elective lymph- 
adenectomy for Stage I melanoma. The results showed 
that, in the types of melanoma studied, prophylactic 
and delayed lymphadenectomy did not differ in its 
effect on length of survival or interval to metastasis, 
and that delayed therapeutic dissection is just as good 
as immediate prophylactic lymphadenectomy when 
patients can be followed at three month intervals. 

Both of them included melanomas of all thickness 
of microinvasion. In the multi-institutional interna- 
tional WHO study, only half of the patients could be 
evaluated for Clark's levels. The majority of patients 
were females (81%) and with lesions of the lower 
extremity (83%), both factors were known to have a 
better prognosis. In the Mayo Clinic Series, two-thirds 
of the patients had lesions less than 1.5 mm thick, 
and only 796 of the patients who had elective 
lymphadenectomy had occult metastasis. In addi- 
tion, both of the studies excluded patients with 
melanomas situated adjacent to the node bearing areas. 
Such cases would benefit most from prophylactic 
lymphadenectomy since nodal areas in them could be 
dissected en bloc with the excision of the primary 
melanoma. 

Put all these criticisms aside, the WHO study did 
show better five-year survival rates for patients who 
had elective lymph node dissection for Clark's level 
IV lesions (70.1 vs. 58.3%) and for lesions of 1.6—4.5 
mm thick (78.5 vs. 69.7%). Perhaps with more patients 
and longer follow-up, the suggested trends of therapeu- 
tic advantage of elective lymphadenectomy in certain 
subgroups of patients will become significant. Even 
among oncological surgeons who favor elective lymph- 
adenectomy for early melanoma, none would perform 
the operation on all cases. Criteria for selecting high- 
risk groups varied from surgeon to surgeon. Thus, a 
well-controlled prospective randomized study utilizing 
depth of microinvasion as a major selection and 
randomization criterion is definitely needed. 
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Clinical Aspects of Unknown Primary Melanoma 


ARMANDO E. GIULIANO, M.D., H. STEPHENS MOSELEY, M.D., DONALD L. MORTON, M.D. 


Of 980 patients with malignant melanoma treated during the 
past seven years, 55 (5.6%) were found to have metastatic 
disease and no detectable primary tumor. Thirty-six of these 
patients with **unknown primary melanoma’’ had disease 
limited to lymph nodes (Stage II), whereas 19 had dis- 
seminated melanoma (Stage III). The sex and age distribu- 
tion of these 55 patients were similar to those of a control 
group of 86 patients with palpable lymph node metastases 
from a known primary. The site of lymph node metastases 
for Stage II patients in each group was similar although un- 
known primary patients seemed to have slightly more in- 
volved lymph nodes. By studying patients with the same stage 
and similar extent of disease, the prognosis of unknown 
primary melanoma could be determined and compared to 
known primary melanoma. The overall recurrence rate of pa- 
tients with unknown primary was no higher than that of pa- 
tients with known primary. This observation appeared to be 
true even when patients were compared with respect to 
adjuvant immunotherapy. The use of adjuvant immuno- 
therapy appeared to favorably affect recurrence rates among 
the unknown primary patients. Since the recurrence rate for 
patients with unknown primary melanoma was no higher 
than that of patients with known primary melanoma, we 
advocate aggressive surgical management. The occasional 
long-term survivor with Stage III unknown primary suggests 
that judicious surgical intervention may benefit these pa- 
tients as well. 


ATIENTS WITH METASTATIC malignant melanoma 

but no obvious primary tumor frequently pose 
difficult diagnostic and therapeutic problems. These 
unusual instances of ‘“‘unknown primary melanoma" 
have a reported incidence of 2—996./97? Typically, 
there is no history suggestive of a primary, and the 
diagnosis is made after biopsy of an enlarged lymph 
node or resection of a visceral metastasis. 

The fate of patients with unknown primary mela- 
noma is highly variable, ranging from apparent cure 
with years of disease-free life to rapid tumor dis- 
semination and death. Indeed, disagreement con- 
cerning the overall prognosis of these patients is en- 
countered in the literature. Some investigators specu- 
late that patients with unknown primary melanoma 
have a more favorable prognosis than patients with 
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known primary melanomas.' Others believe that no dif- 
ference in survival rate exists between the two 
groups, while in some series patients with melanoma 
from an unknown primary site appear to fare worse 
than others. 7°!3:17-29 

The absence of an identifiable primary lesion may 
indicate that these patients respond differently to 
their disease than do other patients. Differences in 
response to a tumor could be due to hormonal. 
immunologic or other host defenses. !? Augmented im- 
munity has been demonstrated in patients who have 
spontaneous regression of malignant melanoma? 
although augmented immunity has not been shown in 
groups of patients with unknown primary melanomas. 

Regardless of the cause for the absence of a primary 
lesion, a knowledge of the clinical features and 
prognosis for patients with unknown primary melano- 
mas could be useful for the physician who must counsel 
these patients and plan treatment. The present study | 
examines the clinical features of patients with this 
unusual entity, and evaluates their prognosis by com- 
parison to patients with a known primary lesion and 
similar extent of metastatic disease. 


Clinical Materials and Methods 


The records of patients with malignant melanoma 
treated from 1971 to 1978 by the Division of Oncology, 
UCLA School of Medicine, were reviewed. Clinical 
records and laboratory reports of patients who were 
suspect for an unknown primary were further studied. 

Patients were considered to have unknown primary 
melanoma if they presented with biopsy-proved meta- 
static malignant melanoma and no evidence of a primary 
cutaneous lesion at any time. Patients were excluded 
from the unknown primary group if they fulfilled any 
of the criteria first established by Das Gupta et al." Any 
patient with a previous orbital exenteration or 
enucleation was excluded on the assumption that the 
operative procedure was performed for ocular mela- 
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noma. In addition, patients who had a mole, birth- 
w mark, freckle, chronic paronychia, or other skin lesion 
previously excised, dessicated, or cauterized, and un- 
available for microscopic examination were excluded 
since the lost tissue may have been the primary lesion. 

All patients were carefully staged by physical exam- 
ination and laboratory testing. We define Stage I 
melanoma as primary melanoma localized to skin with 
no evidence of regional or distant metastases. Thus 
by definition, unknown primary melanoma cannot be 
Stage I. Stage II melanoma is metastatic to regional 
lymph nodes but not visceral organs or distant skin. 
Stage III melanoma involves dissemination to distant 
visceral organs or cutaneous metastases with or with- 
out the presence of lymph node disease. Staging is 
based upon the greatest extent of tumor spread at any 
time prior to presentation at UCLA. Patients with 
local recurrences or intransit metastases were not 
included in this study. 


Results 


Identification of Patients with Unknown Primary 
Melanoma 


The records of 980 patients with malignant melanoma 
treated at UCLA during the last seven years were re- 
viewed. Of these, 73 initially appeared to have un- 
known primary melanoma. Historical examination re- 
vealed that 18 of these patients had skin lesions pre- 
viously treated without histologic diagnosis. Excluding 
these patients, 55 of 980 (5.6%) patients had metastatic 

^ disease with no identifiable primary lesion; five of the 
55 patients gave a history of a skin lesion which 
spontaneously regressed and could have been the pri- 
mary melanoma. Patients with an unknown primary 
were usually examined by more than one physician. 
These examinations included the use of a Wood’s 
Lamp to identify areas of depigmentation or halo nevi. 
Such areas, as well as suspicious appearing moles, 
were biopsied in an attempt to identify a primary 
lesion. 


Identification of a Control Group 


A control group of 86 patients, each with a known 
primary melanoma, was chosen from those entered 
into a large randomized study of malignant melanoma 
at UCLA. All patients who had palpable lymph 
nodes proved microscopically to be metastatic mela- 
noma were included in this group. Their primary had 

been identified from several weeks to several years 
prior to presentation. All were Stage II patients with 
no clinical evidence of visceral disease. 
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FiG. 1. Age distribution of patients with unknown primary melanoma 
compared to that of patients with known primary melanoma. 


Age and Sex 


The age distribution of the patients in this study is 
depicted by the histogram (Fig. 1). The patients with 
unknown primary melanoma ranged in age from 20 to 
70 with a mean age of 43.0 + 1.7. The highest incidence 
of unknown primary appears to be in the fifth decade. 
There were 17 females and 38 males. In the control 
group there were 58 males and 28 females ranging in 
age from 14 to 75 with a mean age of 44.9 + 1.5. 


Stage of Disease 


At the time of presentation 36 (60.5%) patients 
with unknown primary melanoma had disease clinically 
limited to lymph nodes. The other 19 (39.5%) patients 
presented with disseminated melanoma. Only five of 
these Stage III patients had evidence of lymph node 
metastases. Axillary lymph nodes were the most 
common site of metastases and were found in 17 Stage 
II unknown primary patients. Inguinal lymph node 
metastases occurred in only eight patients. No pa- 
tients initially presented with more than one involved 
lymph node group but three patients eventually de- 
veloped metastases in other lymph node groups with- 
out evidence of visceral disease. These three pa- 
tients underwent further resection of involved node 
groups. One patient ultimately developed metastases 
in four regional node groups, all of which were 
resected. 

Axillary lymph node metastases predominated in 
the control group as well as in the unknown primary 
group. Table 1 compares the sites of lymph node 
metastases in both groups. Neck nodes were in- 
volved relatively less often in patients with known 
primaries than with unknown primaries. 

Since the number of involved lymph nodes may 
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TABLE 1. Sites of Lymph Node Metastases in Stage II Patients 
——— MÀ —— ——  — ee ae ee ae 


Site Known Primary Unknown Primary 
—^————»——»——»——— — RSEN PN 
Axilla 45 (52.3%) 17 (47.2%) 
Groin 24 (27.9%) 8 (22.2%) 
Neck 17 (19.8%) 11 (30.6%) 
Total 86 (100.0%) 36 (100.0%) 


————————————————————————————————————————— 


influence prognosis for patients with Stage II melanoma. 
the mean number of lymph nodes involved with tumor 
was determined for each group. In the 36 Stage II pa- 
tients with unknown primary melanoma, the number 
of positive nodes determined from the records of 25 
patients varied from | to 30 (mean: 4.37 + 1.34). The 
number of involved nodes for each of the 86 controls 
varied from | to 13 with a mean of 2.96 + .28. The 
unknown primary patients appeared to have more in- 
volved lymph nodes than the patients with known 
primary. The total numbers of lymph nodes re- 
sected per patient were similar in both groups. 

Stage III melanoma was documented in 19 unknown 
primary patients on initial evaluation. Table 2 shows 
that brain, lungs, skin and subcutaneous tissue were 
the most common sites of metastatic disease in these 
patients. Only five of the 41 patients with palpable 
lymph node metastases had Stage III disease at the 
time of presentation. 


Treatment 


All Stage II patients underwent resection of diseased 
node groups. Patients with known primary melanoma 
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TABLE 2. Sites of Metastases in Stage II Patients 
with Unknown Primary Melanoma 


———————————————————————— 


Number 
Site of Patients 
—c c ————— E 

Skin and subcutaneous tissue 9 
Lungs 6 
Brain 6 
Bowel 2 
Liver 2 
Bone 2 

Total 27 





had wide excision of the lesion as well as node dis- 
section. Most Stage II patients received adjuvant im- 
munotherapy with Bacille Calmette-Guerin (BCG) or 
BCG and a tumor cell vaccine as previously reported. '8 
Of the 36 Stage II unknown primary patients, 24 
(66.7%) received adjuvant immunotherapy as did 55/83 
(66.3%) of the known primary patients. The remain- 
ing Stage II patients received no adjuvant therapy. 

Therapy for patients with Stage III disease was 
highly variable and included resection. chemotherapy, 
radiation and immunotherapy. 


Recurrence Rate 


Stage II patients in both groups were followed from 
three months to seven years. The time from diagnosis 
of Stage II melanoma to first evidence of Stage III 
disease was recorded for all patients and the re- 
currence rate was determined using standard life table 
analysis'' (Fig. 2). Initially, patients with unknown 
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FiG. 3. Recurrence rate 
of Stage II patients treated 
with adjuvant immunother- 
apy. Numbers separated by 
a slash (/) indicate number 
of patients who developed 
Stage III disease/number 
of patients followed during 
that time interval. 
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o Unknown Primary-Adjuvant Immunotherapy 
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primary melanoma appeared to have fewerrecurrences compared, there appears to be no major difference 
than those with known primary disease. However, the between the recurrence rate of patients with known or 
differences were slight and the curves converge at 24 unknown primaries. Patients with unknown primary 


months. 


melanoma appear to recur less in the early months 


The two groups then were analyzed with respect to after diagnosis than do patients with known primary 
treatment. Figure 3 shows the recurrence rate of pa- melanoma. However, by 24 months the rates are 
tients who received adjuvant immunotherapy and nearly identical. 

Figure 4 compares recurrence rates among patients The effect of adjuvant immunotherapy on patients 
who received no adjuvant therapy. Again, where with unknown primary was examined by comparing 
recurrences among identically treated patients are recurrence rates of unknown primary patients who re- 
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FiG. 4. Recurrence rate of 
Stage II patients treated with 
no adjuvant therapy. Num- 
bers separated by a slash 
(/) indicate number of pa- 
tients who developed Stage 
III disease/number of pa- 
tients followed during that 
time interval. 
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ceived adjuvant immunotherapy to those of patients 
not receiving adjuvant therapy. Figure 5 shows that 
patients who did not receive immunotherapy had 
disease recurrence more often than those who received 
immunotherapy. These differences were not great, 
however, and the patients were not all randomized. 
In addition, the number of patients in these groups 
were too small to permit meaningful statistical analysis. 

Seven of the 19 Stage III patients with unknown 
primary melanoma survived more than two years 
(37%). Five of these seven had resected subcutaneous 
metastases without visceral disease and four were 
alive more than five years after diagnosis. 


Discussion 


The occurrence of metastatic melanoma with no 
identifiable primary lesion may be due to a variety 
of causes. Das Gupta and associates’ postulated 
that melanoma may arise de novo in lymph nodes. 
Neval cells have been identified in lymph nodes of pa- 
tients operated upon for diseases other than mela- 
noma.'* McCarthy and associates'* found neval cells 
in eight of 129 axillary lymph node groups. Neval 
cells usually were located in the capsule of the node 
and were not found in nodal groups that did not drain 
skin. It is conceivable that melanoma could arise from 
these neval cells resulting in apparent lymph node 
metastases with no obvious primary. Melanoma de- 


veloping in visceral organs occurs infrequently.’ 
Accidental trauma to the skin also could account for 
the missing primary melanoma. 

The most commonly accepted explanation for un- 
known primary melanoma is spontaneous regression of 
a primary cutaneous lesion. Spontaneous regression of 
malignant tumors has been encountered" and partial 
regression of malignant melanoma has been observed 
histologically. McGovern” described histologic changes 
in a melanoma believed to be undergoing spon- 
taneous regression. A dense infiltrate of lymphocytes 
was seen dividing the tumor into clumps of cells with 
areas of degeneration. Later, fibroblast proliferation 
and new blood vessel formation formed a vascular 
scar with varying degrees of pigmentation with or 
without viable tumor cells. These changes were seen 
in 54 (12.3%) of 437 primary cutaneous melanomas. 
No prognostic significance could be associated with 
partial regression. 

If spontaneous regression of the primary lesion ac- 
counted for the metastases from unknown primary 
melanomas in our study, then this group of patients 
should be similar to those with metastases from a 
known primary. Both groups of patients were com- 
parable in sex and age distribution. Metastases were 
most commonly seen in axillary lymph nodes in each 
group. Positive neck nodes were seen in relatively 
fewer Stage II known primary patients than in un- 
known primary patients, but these differences were 
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not significant. In addition, five unknown primary pa- 
tients gave histories of spontaneous regression of 
pigmented lesions which may have been the primary. 
These findings support the argument that spontaneous 
regression accounts for unknown primary melanoma. 

Recurrence in patients with Stage II unknown pri- 
mary melanoma was no higher and initially appeared 
slightly lower than that of the control group in our 
study. This observation appeared true even when pa- 
tients were compared with respect to different treat- 
ment regimens. However, Pack and associates?" found 
that only 1/17 (5.9%) patients with unknown primary 
melanoma survived five years whereas 123/575 (21%) 
patients with known primary melanoma survived 
five years. Baab and McBride! found that 33% of pa- 
tients with unknown primary melanoma survived five 
years, which they felt was a better survival than their 
patients with known primary. Other groups" reported 
comparable survival for patients with known and un- 
known primary melanoma. These differences in sur- 
vival may reflect the highly variable biologic nature 
of malignant melanoma or may be due to comparing 
groups of patients with differing extents of disease. 
In this series the Stage II patients were similar in age, 
sex and site of lymph node metastases and had 
similar recurrence rates at two years. The unknown 
primary group had more involved lymph nodes than 
the known primary group which could adversely af- 
fect survival. Cady and associates* and Cohen and 
associates? have shown that increasing numbers of 
diseased lymph nodes correlate with poor survival. 
Yet, despite the slightly greater extent of disease, 
-unknown primary patients did not experience more 
recurrences than the control group. 

A remarkable 2146 (4/19) of patients with Stage III 
melanoma of unknown primary survived at least five 
years. These results appear to be better than expected 
for disseminated melanoma since the reported two- 
year survival rates are as low as 5976.? However, the 
inclusion of patients with cutaneous metastases alone, 
the overall small number of patients with Stage III 
disease and the lack of a concurrently treated Stage 
III control group make conclusions concerning the 
prognosis for Stage III patients difficult. Einhorn et al.? 
found that survival for patients with disseminated 
melanoma from an unknown primary was worse than 
for patients with a known primary and widespread 
disease. 

Because the rate of recurrence for Stage II unknown 
primary melanoma was not increased and because 
of the seemingly high percentage of long-term sur- 
4vivors with Stage III disease, we have adopted an 
aggressive surgical approach to the management of 
unknown primary melanoma. 
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The first step in evaluating such a patient was to 
search the skin carefully for a possible primary lesion 
and to biopsy any suspicious appearing mole or nevus. 
A knowledge of the anatomic area drained by the 
diseased lymph nodes will allow a concentrated search 
in this area. A Woods ultraviolet lamp may be useful 
in revealing areas of depigmentation or halo nevi.? 

The patient with no clinical evidence of viseeral or 
disseminated disease must be carefully evaluated prior 
to operation. We routinely perform a careful physical 
examination (including opthalmoscopy), chest x-ray, 
liver function tests, liver scan and brain scan for 
patients with palpable lymph node metastases from 
unknown primary melanoma. If these studies do not 
reveal disseminated disease, a radical lymphadenec- 
tomy of the affected nodes is performed. Patients who 
subsequently develop a second positive node group 
should be reevaluated for visceral metastases. If no 
systemic disease can be documented, the second 
involved node group should then be resected. The 
involvement of multiple node groups is not necessarily 
an indication of disseminated disease since midline 
melanomas of the trunk may metastasize to bilateral 
or multiple node groups.? The finding of a high 
number of axillary lymph node metastases suggests 
that many unknown primaries were located in the skin 
of the upper torso as well as the arms. In addition, 
studies using radioactive gold injected into biopsy sites 
of melanoma to determine lymphatic drainage have 
shown contralateral inguinal or axillary drainage from 
truncal skin more than 3 cm from midline.”! Stage 
III unknown primary melanoma is usually treated 
with chemotherapy, although selected patients may 
benefit from resection. 
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The principal analgesic ingredient, oxy- 
codone, is a semisynthetic narcotic with 
multiple actions qualitatively similar to 
those of morphine. The analgesic effect 
of oxycodone begins within 10 to 15 min- 
utes after oral administration, peaks at 
45 minutes and persists for 3 to 6 hours. 
Acetaminophen, a non-narcotic analge- 
sic, complements the pain relief pro- 
vided by oxycodone. 


Summary of Prescribing Information 


Contraindications: Hypersensitivity to oxycodone or 
acetaminophen 


Warnings: Drug dependence: Oxycodone can pro- 
duce drug dependence of the morphine type and 
may be abused. Psychic dependence, physical 
dependence and tolerance may develop upon 
repeated administration, prescribe and administer 
with same caution appropriate to other oral narcotic- 
containing medications. Subject to the Federal Con- 
trolled Substances Act. 

Usage in ambulatory patients: Caution patients that 
oxycodone may impair mental and/or physical abili- 
ties required for performance of potentially hazardous 
tasks such as driving a car or operating machinery. 
Interaction with other Central Nervous System 
depressants: Patients receiving other narcotic anal- 
gesics, general anesthetics, phenothiazines, other 
tranquilizers, sedative-hypnotics or other CNS 
depressants (including alcohol) with TYLOX capsules 
may exhibit additive CNS depression. When such 
combined therapy is contemplated, the dose of one 
or both agents should be reduced 

Usage in pregnancy: Safe use not established 
Should not be used in pregnant women unless 
potential benefits outweigh possible hazards. 

Usage in children: Should not be administered to 
children 


Precautions: Head injury and increased intracranial 
pressure: The respiratory depressant effects of nar- 
cotics and their capacity to elevate cerebrospinal fluid 
pressure may be markedly exaggerated in the pres- 
ence of head injury, other intracranial lesions or a 
pre-existing increase in intracranial pressure. Fur- 
thermore, narcotics produce adverse reactions which 
may obscure the clinical course of patients with head 
injuries 

Acute abdominal conditions: TYLOX capsules or 
other narcotics may obscure the diagnosis or clinical 
course of acute abdominal conditions. 

Special risk patients: Administer with caution to cer- 
tain patients such as the elderly or debilitated, and 
those with severe impairment of hepatic or renal 
function, hypothyroidism, Addison's disease, and 
prostatic hypertrophy or urethral stricture. 


Adverse Reactions: Most frequent: Lightheaded- 
ness, dizziness, sedation, nausea and vomiting; more 
prominent in ambulatory than non-ambulatory 
patients; some of these reactions may be alleviated if 
the patient lies down. Others: euphoria, dysphoria, 
constipation, skin rash and pruritus 


Dosage and Administration: Dosage should be 
adjusted according to severity of pain and response 
of the patient. It may occasionally be necessary to 
exceed the usual dosage recommended below in 
cases of more severe pain or in those patients who 
have become tolerant to the analgesic effect of nar- 
cotics. TYLOX capsules are given orally. Usual adult 
dose is one capsule every 6 hours as needed for 
pain 


Drug Interactions: CNS depressant effects may be 
additive with that of other CNS depressants. See 
Warnings 

Caution: Federal law prohibits dispensing without 
prescription 

For information on symptoms/treatment of over- 
dosage, see full prescribing information. 

Full directions for use should be read before adminis- 
tering or prescribing. 


*Halpern LM. Bonica JJ: Analgesics, in Modell W (ed) 
Drugs of Choice 1978-1979. St Louis, CV Mosby, 1978, 
p 225 0775 
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An oxycodone analgesic 
combination without APC 


TYLOX: 


CAPSULES 


oxycodone HCI* 4.5 mg, 
oxycodone terephthalate* 0.38 mg, 
acetaminophen 500 mg 





*Warning: May be habit forming. 


McNeil Laboratories, McNEILAB, Inc., Fort Washington, PA 19034 © McN 1980 









When the postoperative period is 
complicated by anxiety 


alium LM. 
(diazepam! 

Provides three _ 
important benefit 


ll Effective anxiolytic. Especially 
important since high levels of anxiety often 
intensify the experience of pain 














lal Effective skeletal muscle relaxant. . 
Used adjunctively, relieves the skeletal 
muscle spasm that may aggravate pain and 
interfere with recovery = © 
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(diazepam) W 


Awide range of benefits 
in one effective agent 


Please see following page for summary of product information. 
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Injectable 
V 


aliumMmIMm 





L1 promptly controls anxiety/ 
tension before and after surgery 


L1 diminishes pain-related anxiety 


(diazepam) @ 


can help the surgical patient 
every step of the way 


Please consult complete product information, a 
summary of which follows: 

Indications: Tension and anxiety states; somatic 
complaints which are concomitants of emotional 
factors; psychoneurotic states manifested by ten- 
sion, anxiety, apprehension, fatigue, depressive 
symptoms or agitation; symptomatic relief of 
acute agitation, tremor, impending or acute de- 
lirium tremens and hallucinosis due to acute 
alcohol withdrawal; adjunctively in: relief of 
skeletal muscle spasm due to reflex spasm to 
local pathology; spasticity caused by upper motor 
neuron disorders; athetosis; stiff-man syndrome; 
tetanus; status epilepticus, severe recurrent sei- 
zures; adjunctively in anxiety, tension or acute 
stress reactions prior to endoscopic/surgical pro- 
cedures; cardioversion. 

Contraindications: Hypersensitivity; acute narrow 
angle glaucoma; may be used in patients with 
open angle glaucoma receiving appropriate 
therapy. 

Warnings: 7o reduce the possibility of venous 
thrombosis, phlebitis, local irritation, swelling, 
and, rarely, vascular impairment when used I.V.: 
inject slowly, taking at least one minute for each 5 
mg (1 ml) given; do not use small veins, i.e., dor- 
sum of hand or wrist; use extreme care to avoid 
intra-arterial administration or extravasation. Do 
not mix or dilute Valium with other solutions or 
drugs in syringe or infusion flask. If it is not feasi- 
ble to administer Valium directly I.V., it may be 
injected slowly through the infusion tubing as 
close as possible to the vein insertion. 

Administer with extreme care to elderly, very ill, 
those with limited pulmonary reserve because of 
possibility of apnea and/or cardiac arrest; con- 
comitant use of barbiturates, alcohol or other 
CNS depressants increases depression with in- 
creased risk of apnea; have resuscitative facilities 
available. When used with narcotic analgesic, 
eliminate or reduce narcotic dosage at least Y^, 
administer in small increments. Should not be 
administered to patients in shock, coma, acute 
alcoholic intoxication with depression of vital 
signs. As with most CNS-acting drugs, caution 
against hazardous occupations requiring com- 
plete mental alertness (e.g., operating machinery, 
driving). 

Has precipitated tonic status epilepticus in pa- 
tients treated for petit mal status or petit mal var- 
iant status. 

Withdrawal symptoms (similar to those with bar- 
biturates, alcohol) have occurred following abrupt 
discontinuance (convulsions, tremor, abdomi- 
nal/muscle cramps, vomiting, sweating). Keep 
addiction-prone individuals under careful surveil- 
lance because of predisposition to habituation/ 
dependence. 


Usage in Pregnancy: Use of minor tran- 
quilizers during first trimester should al- 
most always be avoided because of in- 
creased risk of congenital malformations 
as suggested in several studies. Consider 
possibility of pregnancy when instituting 
therapy; advise patients to discuss therapy 
if they intend to or do become pregnant. 







Not recommended for OB use. 


Efficacy/safety not established in neonates (age 
30 days or less); prolonged CNS depression ob- 
served. In children, give slowly (up to 0.25 mg/kg 
over 3 minutes) to avoid apnea or prolonged 
somnolence; can be repeated after 15 to 30 min- 
utes. If no relief after third administration, appro- 
priate adjunctive therapy is recommended. 


Precautions: Although promptly controlled, sei- 
zures may return; readminister if necessary; not 
recommended for long-term maintenance 
therapy. 

If combined with other psychotropics or anticon- 
vulsants, carefully consider individual phar- 
macologic effects—particularly with known com- 
pounds which may potentiate action of Valium 
(diazepam), /.e., phenothiazines, narcotics, bar- 
biturates, MAO inhibitors, antidepressants. Pro- 
tective measures indicated in highly anxious pa- 
tients with accompanying depression who may 
have suicidal tendencies. Observe usual precau- 
tions in impaired hepatic function; avoid accumu- 
lation in patients with compromised kidney func- 
tion. Laryngospasm/increased cough reflex are 
possible during peroral endoscopic procedures; 
use topical anesthetic, have necessary coun- 
termeasures available. Hypotension or muscular 
weakness possible, particularly when used with 
narcotics, barbiturates or alcohol. Use lower 
doses (2 to 5 mg) for elderly/debilitated. 

Adverse Reactions: Drowsiness, fatigue, ataxia, 
venous thrombosis/phlebitis at injection site, con- 
fusion, depression, dysarthria, headache, 
hypoactivity, slurred speech, syncope, tremor, 
vertigo, constipation, nausea, incontinence, 
changes in libido, urinary retention, bradycardia, 
cardiovascular collapse, hypotension, blurred 
vision, diplopia, nystagmus, urticaria, skin rash, 
hiccups, changes in salivation, neutropenia, 
jaundice. Paradoxical reactions such as acute 
hyperexcited states, anxiety, hallucinations, in- 
creased muscle spasticity, insomnia, rage, sleep 
disturbances, stimulation have been reported; 
should these occur, discontinue drug. Cough, 
depressed respiration, dyspnea, hyperventilation, 
laryngospasm/pain in throat and chest have been 
reported in peroral endoscopic procedures. Iso- 
lated reports of neutropenia, jaundice; periodic 
blood counts, liver function tests advisable during 
long-term therapy. Minor EEG changes, usually 
low-voltage fast activity, of no known significance. 
Dosage: Usual initial dose in older children and 
adults is 2 to 20 mg I.M. or I.V., depending on 
indication and severity. Larger doses may be re- 
quired in some conditions (tetanus). In acute 
conditions injection may be repeated within 1 
hour, although interval of 3 to 4 hours is usually 
satisfactory. Lower doses (usually 2 to 5 mg) with 
slow dosage increase for elderly or debilitated pa- 
tients and when sedative drugs are added. (See 
Warnings and Adverse Reactions.) 

For dosages in infants and children see below; 
have resuscitative facilities available. 

I.M. use: by deep injection into the muscle. 

l.V. use: inject slowly, take at least one minute for 
each 5 mg (1 ml) given. Do not use small veins, 


o narcotic analgesic dosage can 
and should be reduced 


ready-to-use 2-ml Tel-E-Ject® 
disposable syringes + 5 mg/ml 
2-ml ampuls, 10-ml vials 


i.e., dorsum of hand or wrist. Use extreme care to 
avoid intra-arterial administration or extravasa- 
tion. Do not mix or dilute Valium with other solu- 
tions or drugs in syringe or infusion flask. If it is 
not feasible to administer Valium ( diazepam) di- 
rectly I.V., it may be injected slowly through the 
infusion tubing as close as possible to the vein 
insertion. 

Moderate psychoneurotic reactions, 2 to 5 mg 
I.M. or I. V. and severe psychoneurotic reactions, 
5 to 10 mg I.M. or I.V., repeat in 3 to 4 hours if 
necessary; acute alcoholic withdrawal, 10 mg I.M. 
or I.V. initially then 5 to 10 mg in 3 to 4 hours if 
necessary. Muscle spasm, in adults, 5 to 10 mg 
I.M. or I.V. initially, then 5 to 10 mg in 3 to 4 hours 
If necessary (tetanus may require larger doses); in 
children, administer I.V. slowly; for tetanus in in- 
fants over 30 days of age, 1 to 2 mg I.M. or I.V, 
repeat every 3 to 4 hours if necessary; in children 
5 years or older, 5 to 10 mg repeated every 3 to 4 
hours as needed. Respiratory assistance should 
be available. 

Status epilepticus, severe recurrent convulsive 
seizures (1.V. route preferred), 5 to 10 mg adult 
dose administered slowly, repeat at 10- to 15- 
minute intervals up to 30 mg maximum. Repeat 
in 2 to 4 hours if necessary keeping in mind 
possibility of residual active metabolites. Use cau- 
tion in presence of chronic lung disease or un- 
stable cardiovascular status. Infants (over 30 
days) and children (under 5 years), 0.2 to 0.5 mg 
slowly every 2 to 5 min., up to 5 mg (I.V. pre- 
ferred). Children 5 years plus, 1 mg every 2 to 5 
min., up to 10 mg (slow I.V. preferred); repeat in 2 
to 4 hours if needed. EEG monitoring may be 
helpful. 

In endoscopic procedures, titrate I. V. dosage to 
desired sedative response, generally 10 mg or 
less but up to 20 mg (if narcotics are omitted) 
immediately prior to procedure; if |. V. cannot be 
used, 5 to 10 mg I.M. approximately 30 minutes 
prior to procedure. As preoperative medication, 
10 mg |.M.; in cardioversion, 5 to 15 mg I.V. within 
5 to 10 minutes prior to procedure. Once acute 
symptomatology has been properly controlled 
with injectable form, patient may be placed on 
oral form if further treatment is required. 
Management of Overdosage: Manifestations in- 
clude somnolence, confusion, coma, diminished 
reflexes. Monitor respiration, pulse, blood pres- 
sure; employ general supportive measures, |. V. 
fluids, adequate airway. Use levarterenol or 
metaraminol for hypotension, caffeine and 
sodium benzoate for CNS-depressive effects. 
Dialysis is of limited value. 

Supplied: Ampuls, 2 ml, boxes of 10; Vials, 10 ml, 
boxes of 1; Tel-E-Ject* (disposable syringes), 2 
ml, boxes of 10. Each ml contains 5 mg diazepam 
compounded with 40% propylene glycol, 10% 
ethyl alcohol, 5% sodium benzoate and benzoic 
acid as buffers, and 1.5% benzyl alcohol as 
preservative. 


Roche Laboratories 
Division of Hoffmann-La Roche Inc. 
Nutley, New Jersey 07110 
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For ulcerative procti 
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CORTIFOAM* 

(hydrocortisone acetate 1096 rectal foam) 
Contains nydrocortisone acetate 1095 as the sole active 
ingredient in 20 GMs of a foam containing propylene glycol, 
ethoxylated stearyl alcohol, polyoxyethylene-10 stearyl ether, 
cetyl alcohol, methyl and propyl parabens, triethanolamine 
water and inert propellants 

Each application delivers approximately 900 mg. of foam 
containing 80 mg. of hydrocortisone (90 mg. of hydrocor 
tisone acetate) 

Clinical pharmacology: CORTIFOAM provides topical ad 
ministration of an anti-inflammatory corticosteroid as adjunc 
tive therapy of ulcerative proctitis 

Indications: CORTIFOAM is indicated as adjunctive therapy 
in the topical treatment of ulcerative proctitis of the distal 
portion of the rectum in patients who cannot retain hydrocor 
tisone or other corticosteroid enemas 

Direct observations of methylene blue containing foam have 
shown staining no higher than 10 centimeters into the 
rectum 

Contraindications: Local contraindications to the use of 
intrarectal steroids include obstruction, abscess, perforation 
peritonitis, fresh intestinal anastomoses, extensive fistulas 
and sinus tracts 

Tuberculosis (active, latent or questionably healed), ocular 
herpes simplex and acute psychosis are usually considered 


absolute contraindications to the use of corticosteroids 

ions include active peptic ulcer, acute 

glomerulonephritis, myasthenia gravis, osteoporosis. diver- 
llitis, thrombophlebitis, psychic disturban ces, pregnancy, 

diabetes, hyperthyroidism, acute coronary disease, hyper- 

tension, limited cardiac reserve, and local or s stemic infec 


Relative contraindicat 
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ons, including fungal or exanthematous diseases. Where 
these conditions exist, the expected benefits from steroid 
therapy must be weighed against the risks involved in its use 
Pregnancy is a relative contraindication to irticosteroids, 
particularly during third trimester. If corticosteroids must be 
administered in pregnancy, watch newborn infant closely for 
signs of hypoadrenalism, and administer appropriate therapy 
t needed 
Warning: Do not insert any part of the aerosol container into 
the anus. Contents of the container are under pressure, but 

9t flammable. Do not burn or puncture the aerosol con- 
tainer. Store at room temperature— not over 120° 


3ecause CORTIFOAM is not expelled, systemic nydrocor- 





tisone absorption may be greater from CORTIFOAM than 
trom corticosteroid enema formulations. If there is no evi 


dence of clinical or proctologic improvement witnin two or 
three weeks after starting CORTIFOAM therapy, or if the pa- 


tient's condition worsens, discontinue the drug 


Precautions: Steroid therapy should be administered with 
auton in patients with severe ulcerative disease because 


wall. Where surgery is imminent, it is hazardous to wait more 
than a few days for a satisfactory response to medical treat- 
ment. General precautions common to all corticosteroid 
therapy should be observed during treatment with 
CORTIFOAM. These include gradual withdrawal of therapy | 
allow for possible adrenal insufficiency and awareness to 
possible growth suppression in children. Patients should be 
kept under close observation, for, as with all drugs, rare in- 
dividuals may react unfavorably under certain conditions. If 
severe reactions or idiosyncrasies occur, steroids should be 
discontinued immediately and appropriate measures insti- 
tuted. Do not employ in immediate or early postoperative 
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period iwing ileorectostomy 


Adverse reactions: Corticosteroid therapy may produce side 
effects which include moon face, fluid retention, excessive 
appetite and weight gain, abnormal fat deposits, mental 
symptoms, hypertrichosis, acne, ec chymosis, increased X 
sweating, pigmentation, dry scaly skin, thinning scalp hair 
thrombophlebitis, decreased resistance to infection, ne 
nitrogen balance with delayed bone and wound healing, 
menstrual disorders, neuropathy, peptic ulcer, decreased 
glucose tolerance, hypopotassemia, adrenal insuffit iency, 
necrotizing angiitis, hypertension, pancreatitis and increasec 
intraocular pressure. In children, suppression of growth may 
occur. Increased intracranial pressure may occur and 
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int retain the steroid enema... 


Frequently your ulcerative proctitis patient 
can't retain the steroid enema: when the patient 
needs to be ambulatory; when the patient is in the 
early stages of therapy; when a steroid enema 
triggers the onset of tenesmus, or when sphincter 
control is weak. 






Now there's an alternative to the retention 
enema-—Cortifoam? (hydrocortisone acetate 10%) 
rectal foam. With Cortifoam, the steroid is kept in 
contact with the inflamed mucosa by a muco- 
adhesive foam base. Unlike retention enemas, 

A . Cortifoam can be administered at any time 

j PUMEII convenient to the patient in just 30 seconds—even 
"Au while standing. Following administration, 
"n Cortifoam requires no lengthy period of reclining, 
no struggle to retain medication. And it usually 
won't leak or stain even in active patients. "This 
p form of treatment is better tolerated since it does not 
LITET provoke the tenesmus or urgency that often 
accompany a fluid enema."* 
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Finally, Cortifoam is more economical per 
application than commercially-available steroid 
enemas. 


So when you need an alternative for 
ulcerative proctitis patients who can't retain steroid 
enemas, now you can prescribe one—Cortifoam. 


*Korelitz, B.I.: Hospital Medicine 14:8-34, March, 1978 
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possibly account for headache, insomnia and fatigue. Sub- 
capsular cataracts may result from prolonged usage Long- 
term use of all corticosteroids results in catabolic effects 
characterized by negative protein and calcium balance. Os- 
teoporosis, spontaneous fractures and aseptic necrosis of the 
hip and humerus may occur as part of this catabolic phe- 


associated with fluid and electrolyte imbalance call for potas- 


@ 
sium supplementation and salt-poor or salt-free diets, these 0 
may be instituted and are compatible with diet requirements V TOCOTD 150] le ace a e Ei ARK 








for ulcerative proctitis. 
Administration and dosage: Usual dose is one applicatorful 
once or twice daily for two or three weeks, and every second T 
day thereafter, administered rectally. The patient direction 
package with the applicator describes how to use the aerosol 
container and applicator. Satisfactory response usually oc- 
curs within five to seven days marked by a decrease in symp- 
toms. Symptomatic improvement in ulcerative proctitis 
"should not be used as the sole criterion for evaluating effi- 
cacy. Sigmoidoscopy is also recommended to judge dosage 
adjustment, duration of therapy and rate of improvement. 
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How supplied: CORTIFOAM is supplied in an aerosol con- 
tainer with a special rectal applicator. F-ach applicator delivers 
approximately 900 mg. of foam containing approximately 80 
mg. of hydrocortisone as 90 mg. of hydrocortisone acetate. 
The aerosol container will deliver a minimum of 14 applications 


Introducing the new Olympus BF-4B2 

flexible bronchoscope. 

Olympus is going places and doing things 
in bronchoscopy that haven't been possible 
until now. Our new BF-4B2 flexible broncho- 
fiberscope allows you to reach the fifth and sixth 
segmental bronchi for examination and DIODSy. 
This can mean a significant increase in your 
diagnostic yield. The scope uniquely combines 
a reduced outer diameter of 4.9 mm with a 
standard-size channel that permits passage 


of biopsy forceps and cytology instruments. 

Reduced outer diameter makes insertion 
easier and creates a better airway in the endo- 
tracheal tube. In fact, when necessary, the 
BF-4B2 lets you use a smaller endotracheal 
tube. It can also be passed trans-nasally in 
more patients. 

Increased angulation range of 180° up 
allows for easier access to the upper lobes of 
the lungs — even with biopsy forceps or cytol- 
ogy brush in place. 





IT GOES WHERE YOU 
NEVER GONE BEFORE... 

AND DOES WHAT YOU'VE 
NEVER DONE BEFORE. 





With dimensions like these, the Olympus 
BF-4B2 should become the bronchoscope 
against which you measure all others. And 
every technological advance in the BF-4B2 has 
been made without compromise to the out- 
Meroen avatar ano ny ve 
come to know and expect from ah iP Uc 


OLYMPUS : P. 


SUPERIORITY YOU CAN SEE. — 5s 


Jevada Drive New Hyde Park, N.Y 11042 (516) 488-3880 
| am interested In: 
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WHEN GRAM-NEGATIVE INFECTION 
THREATENS YOUR CABICER PATIENT 





-$ 


EFFECTIVE CONCOMITANT THERAPY 








TICAR 


Ticarcillin Disodium| 





AND GENTAMICIN 


pe en m m EES TE ES, 


ORTOBRAMYCIN: 


FOR SERIOUS INFECTIONS 


TICAR® when used with an appropriate aminoglyco- 
side, provides these additional advantages: 


BROADER ANTIBACTERIAL COVERAGE in vitro, 


when combined, than each antibiotic has alone. 


his enlarged spectrum includes such aerobes and 


anaerobes as: Pseudomonas aeruginosa, EScher- 
ichia coli, Klebsiella Spp.. Staphylococcus aureus, 


„and Bacteroides spp. (B. fragilis). 
" PROVEN IN VITRO SYNERGISM that reduces the 


"MIC's (Minimum Inhibitory Concentrations) of 
"these antibiotics for P aeruginosa* 


Note: /n vitro susceptibility should not be translated into clinica! 
efficacy. 


TICAR is proven "...effective regardless of the 
patient's neutrophil count.’ | 


Wide margin of safety common to the penicillin. 
Note: A history of penicillin allergy is a contraindication. 


No nephrotoxicity or ototoxicity reported to date* 
4196 lower daily sodium load at recommended 


dosages, when compared to carbenicillin for treating 


severe systemic Pseudomonas infections* 


«Data on file, Medical Department, Beecham Laboratories. 

1. Bodey GP. et al: Management of bacterial infections in cancer patients. 
Reprinted with permission from: Proceedings of the 9th international Con- 
gress of Chemotherapy. London, 1975, 1. Clinical Aspects of infections. ~ 


Available on request 


Piease see important brief summary of prescribing information on next page. 


Beecham 


laboratories 
BRISTOL, TENNESSEE 37620 


342A 


TICAR 


(Sterile Ticarcillin Disodium) 


for Intramuscular or Intravenous Use 
For complete prescribing information, consult official package insert. 


ACTIONS: Ticarcillin is bactericidal; it is not absorbed orally, there- 
fore, it must be administered intravenously or intramuscularly. 


INDICATIONS: TICAR (Ticarcillin Disodium) is indicated for the 
treatment of the following infections: 
Bacterial septicemiat 
Skin and soft-tissue infectionst 
Acute and chronic respiratory tract infections tt | 
aused by susceptible strains of Pseudomonas aeruginosa, 
roteus species (both indole-positive and indole-negative) 
and Escherichia coli 
i (Though clinical improvement has been shown, bacterio- 
logical Cures cannot be expected in patients with chronic 
respiratory disease or cystic fibrosis.) 
Genitourinary tract infections (complicated and uncomplicated) 
due to susceptible strains of Pseudomonas aeruginosa, Pro- 
teus species (both indole-positive and indole-negative), 
Escherichia coli, Enterobacter and Streptococcus faecalis 
(enterococcus). 

Ticarcillin is also indicated in the treatment of the following 

infections due to susceptible anaerobic bacteria: 

(1) Bacterial septicemia 

(2) Lower respiratory tract infections such as empyema, anaerobic 
pneumonitis and lung abscess. 

(3) Intra-abdominal infections such as peritonitis and intra-abdomi- 
nal abscess (typically resulting from anaerobic organisms resi- 
dent in the normal gastrointestinal tract). 

(4)Infections of the female pelvis and genital tract such as endo- 
metritis, pelvic inflammatory disease, pelvic abscess and 
salpingitis. 

(5) Skin and soft-tissue infections. 

Although Ticarcillin is primarily indicated against Gram-negative 
infections, its in vitro activity against Gram-positive organisms 
should be considered in treating infections caused by both Gram- 
negative and Gram-positive organisms. 

ased on the in vitro synergism between Ticarcillin and genta- 
micin sulfate or tobramycin sulfate against certain strains of 

Pseudomonas aeruginosa, combined therapy has been successful. 

using full therapeutic dosages. 

Culturing and susceptibility testing should be performed initially 
and during treatment. 


CONTRAINDICATIONS: A history of allergic reaction to any of the 
penicillins is a contraindication. 


WARNINGS: A may occur, especially in patients with an 
allergic diathesis. Check for a history of allergy to penicillins, 
cephalosporins or other allergens. If an allergic reaction occurs, the 
drug should be discontinued unless, in the opinion of the physician, 
the condition being treated is life-threatening and amenable only to 
Ticarcillin therapy. Serious anaphylactic reactions require immediate 
emergency treatment with epinephrine, oxygen, intravenous steroids 
and airway management. 

Some patients receiving high doses of Ticarcillin may develop 
hemorrhagic manifestations associated with abnormalities of coagu- 
lation tests. Patients with renal impairment, in whom excretion of 
Ticarcillin is delayed, should be observed for bleeding manifesta- 
tions. Such patients should be dosed strictly according to recom- 
mendations. If bleeding manifestations appear, Ticarcillin treatment 
pi be discontinued and, if necessary, appropriate therapy in- 
Stituted. 


PRECAUTIONS: During prolonged treatment, periodic checking for 
organ system dysfunction (renal, hepatic and hematopoietic) is 
advisable. If overgrowth of resistant organisms occurs, the appro- 
priate therapy should be initiated. l 

Since the theoretical sodium content is 5.2 milliequivalents (120 
mg) per gram of Ticarcillin, electrolyte and cardiac status should 
be monitored carefully. j 

In a few patients receiving intravenous Ticarcillin, hypokalemia 
haS been reported. Serum potassium should be measured 
periodically. 


USAGE DURING PREGNANCY: Reproduction studies have been 
performed in mice and rats and have revealed no evidence of 
impaired fertility or harm to the fetus due to Ticarcillin. There are 
no well-controlled studies in pregnant women, but investigational 
experience does not include ay positive evidence of adverse 
effects on the fetus. Although there is no cag defined risk, 
such experience cannot exclude the possibility of infrequent or 
Subtle damage to the fetus. Ticarcillin should be used in pregnant 
women only when clearly needed. 


ADVERSE REACTIONS: The following adverse reactions may 
occur: skin rashes, pruritus, urticaria, drug fever, nausea, vomiting, 
anemia, Sr ee doe leukopenia, neutropenia, eosinophilia. 
SGOT and SGPT elevations have been reported. Patients, especially 
those with impaired renal function, may Fog convulsions or 
neuromuscular excitability when very high doses of the drug are 
administered. 

Local reactions at the site of injection have been reported. 
Vein irritation and phlebitis can occur, particularly when undiluted 
Solution is directly injected into the vein. 


DOSAGE AND ADMINISTRATION: Usual adult recommended dos- 
age in bacterial septicemia, respiratory tract infections, skin and 
soft-tissue infections, intra-abdominal infections and infections of 
the female pelvis and genital tract, is 3 grams by intravenous in- 
fusion every 3, 4 or 6 hours depending on weight and severity of 
infection; in uncomplicated urinary tract infections, 1 gram I.M. or 
direct I.V. q.i.d.; in complicated urinary tract infections, 3 grams q.i.d. 
by I. V. infusion. 

Please consult official package insert for details on dosages for 
atients with renal insufficiency, children, neonates and directions 
or use. 

Supplied: | 
1 Gm, 3 Gm and 6 Gm Standard Vials 
3 Gm and 6 Gm Piggyback Bottles 


Beecham 
laboratories 
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SECOND EDITION 
ih 


Illustrated Preoperative 


and Postoperative Care 


E 
By Philip Thorek, M.D., F.A.C.S., F.I.C.S 


Illustrated by Carl Linden 


Relving on the use of original illustrations cou- 
pled with succinct, on-target text, this second 
edition of Illustrated Preoperative and Postopera- 
tive Care is a masterful exposition of Dr. Thorek's 
rich personal experience. 


Practicalitv is the theme as Dr. Thorek covers 
evaluation of the surgical patient, the immediate 
post-op period, the recovery room, use of fluid 
and electrolvtes, chemotherapy, and surgical 
complications. The chapter on surgical pharma- 
cologv, new to this edition, includes the concepts 
of alpha and beta stimulators and blockers as 
they pertain to the therapeutic value of various 
drugs. 

The beautiful illustrations support the text ad- 
mirably, and in many cases are fully explanatory 
in themselves, 


. a useful reference source for neophyte or 
experienced surgeon alike."—Militarv Medicine 
^... invaluable to any student, surgeon, resident, 
intern or clerk, who ever intends to do surgery 
of any type.’—International Surgery. 

147 Pages + 79 Illus. * 2nd Edition, 1973 * 
$12.00 


Lippincott 


J. B. Lippincott Company 
East Washington Square e Phila., Pa. 19105 


Please send me: 
[] ILLUSTRATED PREOPERATIVE 








AND POSTOPERATIVE CARE ....... $12.00 
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co a, 0. ERES £u. 


L3 Payment enclosed 


Charge and bill me 
Save postage & handling 


Plus postage & handling 


Also available at your medical bookstore AS 1/80 
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New Second Edition! 


HERNI 


Edited by 


Lloyd M. Nyhus, M.D. 
and 


Robert E. Condon, M.D. 








Lippincott 


J. B. LIPPINCOTT COMPANY 
East Washington Square e Phila., Pa. 19105 


In Canada: J. B. Lippincott Company of Canada Ltd. 
75 Horner Avenue, Toronto, Ontario M8Z 4X7 


Please send me: 


Nyhus & Condon: HERNIA 2nd Ed. ........ $59.00 
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Address 

BEN LLL octies Se AID 

o Payment enclosed O Charge and bill me 
(Save postage and handling) (Plus postage and handling) 

Also available at your medical bookstore. AS 1/80 
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"The book to end all books on hernia” . . . 'Magnifi- 
cent’... ‘recommended unreservedly”... 'asum- 
mation of today's best total hernia knowledge" are 
just a small sampling of the international acclaim 
which greeted the publication of the first edition of 
this major work on hernia. Dr. Nyhus has now joined 
with a new co-editor, the noted surgeon Dr. Robert E. 
Condon, to bring this tremendous opus up-to-date in 
a New (2nd) Edition. 


The many additions and revisions to this classic text 
fulfill the editors' goal of bringing together, in one 
definitive volume, all established and innovative 
concepts of hernial etiology, diagnosis, and repair. 
They reflect the current emphasis on specific types of 
hernias and certain therapeutic techniques. For 
example, of special interest in this edition is the 
considerably expanded section on hernias of the 
diaphragm, which represents the only truly compre- 
hensive review of this clinically important condition 
that is presently available. A helpful discussion of the 
Shouldice approach and experience is also included. 


The popular format of the original book has been 
retained, giving the readers the very best, most up-to- 
date information in every area of hernial surgery, 
from world-renowned contributors. The chapters are 
again followed by Special! Comments from invited 
experts, followed by Editorial Comments by the 
editors. 


782 Pages 457 Illustrations 
2nd Edition, 1978 $59.00 
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Fifth Edition 


Rhoads 
TEXTBOOK OF 


SURGERY 


Principles and Practice 
e 


Edited by JAMES D. HARDY, M.D. 
with 279 contributors 


Although technically a Fifth Edition of Surgery: 
Principles and Practice, this revision is new in 
title, editor, contributing authors, content, ap- 
proach, and format. It has been reorganized 
into three major parts: General Princioles of 
Surgical Practice; Specific Lesions and Dys- 
functions Involving Various Organs; and 
Parasurgical Considerations. 


The approach is now problem-oriented and this 
outstanding volume considers virtually all 
current problems in surgery. 


More than 270 contributors give you an 
enormous geographical and philosophica range 
in one volume. Each is well known in his field 
and discusses management of a specific 
problem. Included in each of the hundreds of 
topics discussed are basic features of the opera- 
tion including a table of basic facts; an overview 
of the concept under discussion; description of 
specific pathological conditions; surgical 
history; physiology; a pathophysiological 
diagram and an anatomical sketch whenever 
feasible; many excellent illustrations of disease 
processes and treatment procedures; pcssible 
technical errors; safeguards; postoperative 
problems; and complications. 


2354 Pages / 1738 Illustrations / 313 “ables 
5th Edition, 1977 / One Volume Format: $38.50 
Two Volume Format: $45.00 


Now Availablein Either One orTwo Volume Form! 


Lippincott 


J. B. LIPPINCOTT COMPANY 
East Washington Square 6 Phila., Pa. 19105 


In Canada. J. B. Lippincott Company of Canada Ltd. 
75 Horner Avenue, Toronto, Ontario M8Z 4X7 
Please send me: 


Rhoads TEXTBOOK OF SURGERY 
0 1 Vol. $38.50 oO 2 Vols. $45.00 


Name 

Address 
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o Payment enclosed o Charge and bill me 
(Save postage and handling) (Plus postage and handling) 
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Tablets 


PERCODAN 
oxycodone with APC C 


Tablets 


PERCODAN-Demi 


oxycodone with APC (ò 


Brief Summary of Prescribing Information 


INDICATIONS For the relief of moderate to moderately severe pain 


CONTRAINDICATIONS Hypersensitivity to oxycodone. aspirin. phenacetin or 
caffeine 


WARNINGS Drug Dependence Oxycodone can produce drug dependence of 
the morphine type and. therefore. has the potential for being abused 
Psychic dependence. physical dependence and tolerance may develop 
upon repeated administration of PERCODAN* and PERCODAN*-Demi. and 
it should be prescribed and administered with the same degree of caution 
appropriate to the use of other oral narcotic-containing medications. Like 
other narcotic-containing medications, PERCODAN* and PERCODAN* 

Demi are subject to the Federal Controlled Substances Act 


Usage in ambulatory patients Oxycodone may impair the mental and or 
physical abilities required for the performance of potentially hazardous 
tasks such as driving a car or operating machinery The patient using 
PERCODAN* and PERCODAN " -Demi should be cautioned accordingly 


Interaction with other central nervous system depressants Patients 
receiving other narcotic analgesics, general anesthetics, phenothiazines. 
other tranquilizers. sedative-hypnotics or other CNS depressants (includ 
ing alcohol) concomitantly with PERCODAN* and PERCODAN " -Demi may 
exhibit an additive CNS depression. When such combined therapy is con 
templated. the dose of one or both agents should be reduced 

Usage in pregnancy Safe use in pregnancy has not been established rela- 
tive to possible adverse effects on fetal development Therefore 
PERCODAN* and PERCODAN*-Demi should not be used in pregnant 
women unless, in the judgment of the physician. the potential benefits 
outweigh the possible hazards 


Usage in children PERCODAN™ should not be administered to children 
PERCODAN* -Demi. containing half the amount of oxycodone, can be con 
sidered 


Salicylates should be used with caution in the presence of peptic ulcer or 
coagulation abnormalities 


PRECAUTIONS Head injury and increased intracranial pressure The res- 
piratory depressant effects of narcotics and their capacity to elevate 
cerebrospinal fluid pressure may be markedly exaggerated in the presence 
of head injury, other intracranial lesions or a pre-existing increase in 
intracranial pressure Furthermore. narcotics produce adverse reactions 
which may obscure the clinical course of patients with head injuries 
Acute abdominal conditions The administration of PERCODAN* and 
PERCODAN * -Demi or other narcotics may obscure the diagnosis or chini- 
cal course in patients with acute abdominal conditions 


Special risk patients PERCODAN* and PERCODAN*-Demi should be 
given with caution to certain patients such as the elderly or debilitated 
and those with severe impaiement of hepatic or renal function, hypothy- 
roidism, Addison s disease. and prostatic hypertrophy or urethral stricture 
Phenacetin has been reported to damage the kidneys when taken in 
excessive amounts for a long time 


ADVERSE REACTIONS The most frequently observed adverse reactions 
include light-headedness. dizziness, sedation. nausea and vomiting 
These effects seem to be more prominent in ambulatory than in nonambu- 
latory patients. and some of these adverse reactions may be alleviated if 
the patient lies down 

Other adverse reactions include euphoria, dysphoria, constipation and 
pruritus 

DOSAGE AND ADMINISTRATION Dosage should be adjusted according to 
the severity of the pain and the response of the patient. It may occasion- 
ally be necessary to exceed the usual dosage recommended below in 
cases of more severe pain or in those patients who have become tolerant 
to the analgesic effect of narcotics. PERCODAN* and PERCODAN"* -Demi 
are given orally 

PERCODAN* The usual adult dose is one tablet every 6 hours as needed 
for pain 

PERCODAN * -Demi Adults— One or two tablets every six hours. Children 
12 years and older—One-half tablet every six hours. Children 6 to 12 
years — One-quarter tablet every six hours. PERCODAN* Demi is not 
indicated for children under 6 years of age 


DRUG, INTERACTIONS The CNS depressant effects of PERCODAN* and 
PERCODAN* -Demi may be additive with that of other CNS depressants 
See WARNINGS 


Aspirin may enhance the effect of anticoagulants and inhibit the urico- 
suric effect of uricosuric agents 


DEA Order Form Required 5074-1/6078- 1BS 


Ende Inc. 


i, Puerto Rico — 


Subsidiary of Endo Laboratories Inc. 
Subsidiary of the DuPont Company 





‘Each tablet contains 4.50 mg oxycodone HCI (WARNING: May be habit for : 
terephthalate (WARNING; Se be habit forming), 224 mg aspirin, lege? è ne 
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Á oss tur diverticulosis has been established, 
S pes up treatment is aimed at providina 
enough bulk in the diet to keep the 
bowels moving normally.” ! 


Metamucil is an effective source of 
bulk in the treatment of diverticular 
disease. A bulk laxative containing con- 
centrated dietary fiber, Metamucil re- 
stores natural rhythm of elimination by 
helping to form soft, moist, easy-to-pas: 
stools, and also reduces the intracolonic 
pressure and possible resulting pain of 
diverticular disease.” !? 


1. Behringer, G. E.: Diverticular Disease of the Colon. He spit 
Medicine 11:6 (Sept.) 1975. 2. Davis. R.. and The mpson, J. 

Diverticular Disease of the Colon. Continuing Education for 
the Family Physician 4:88 (Feb.) 1976 


am å E 
Metamucil 
psyllium hydrophilic mucilloic 
High in dietary fiber/ Few calorie 


SEARLE |Searle Laboratories 
Division of G.D. Searle & Go 


Box 5110. Chicago. Illinois 60680 





Complications 


in Vascular Surgery 


Edited by HUGH G. BEEBE, M.D.. 
With 18 Contributors. ovn m t i iin ii ii amp sien, DING, st MI GR et ctr ce 


| 
Outstanding vascular surgeons from all sec- iJ. B. LIPPINCOTT CO. 


tions of the country have pooled their com- | East Washington Square, Phila., Pa. 19105 
posite experience and knowledge for this | 


in-depth work. Each has written on a specific 
vascular complication and gives you the bene- 
ht of his expertise in this area. Three objec- 
tives are always in view: 1) To help you 
prevent complications where the causes are 
known and can be anticipated. 2) To provide 
you with a clear guide to the management of 
complications. 3) To establish a foundation of 
information from which you can deal logically 
and effectively with problems not described. 
This work reaps the benefit. of significant ap- 
praisals of long-term follow-up studies that 
became possible during the last ten years. 


402 Pages * 175 Illustrations * 1973 * $32.00 
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Complications 
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Transplantation of Insulinoma into 


the Diabetic Syrian Hamster 


DOUGLAS REINTGEN, M.D., JEROME FELDMAN, M.D., CAROL VERVAERT, M.T., H. F. SEIGLER, M.D. 


Syrian hamsters were rendered diabetic with intraperitoneal 
streptozotocin and were maintained in the diabetic state for a 
minimum of 14 days. A hamster islet cell tumor was trans- 
planted subcutaneously with a prompt return of water intake 
(38 + 9.1 ml/day to 7.1 — 2.2 ml/day, mean + SD), urine 
glucose (4.8 — 0.84 g/day to less than 250 mg/day), urine 
output (37.4 + 10.9 ml/day to 7.6 + 2.1 ml/day), blood glucose 
(297 + 31.9 mg/dl to 87.6 — 28 mg/dl), and weight gain 
(1.0 to 0.8 g/day) to normal control levels. Histologic exam- 
ination of the engrafted tumors revealed a well encapsulated 
tumor with no evidence of metastatic disease. The trans- 
planted insulinomas maintained well differentiated histologic 
features without evidence of necrosis. Immunopathologic 
studies failed to reveal any evidence of either humoral or 
cell mediated immunity directed toward the allograft. Each 
animal was successfully transplanted with a 1 mm tumor 
explant. A single rodent tumor donor provided adequate ma- 
terial for engraftment for five recipients. The transplanted 
insulinomas maintained full functional and enzymatic capabili- 
ties. Similar studies utilizing the hamster insulinoma en- 
grafted into the athymic nude mouse showed amelioration 
of the same diabetic symptomatology. Many of the technical 
difficulties encountered with whole organ and isolated islet 
transplantation encourages development of a more practical 
model. These experimental results suggest an alternative 
method for supplying the diabetic with an endogenous insulin 
source. 


T IS ESTIMATED that of the several million people 

with diabetes mellitus in the United States, approxi- 
mately 500,000 require an exogenous insulin supply. 
Juvenile diabetics, who are relegated to a life ex- 
pectancy of one-third normal, comprise 2046 of this 
patient group.** The consequences of long-term dia- 
betes, nephrosclerosis and resultant renal failure, 
proliferative retinopathy and blindness, and athero- 
sclerotic cerebral myocardial and peripheral vascular 
disease are well known in this population. Substantial 
evidence”?! has been accumulated to suggest that it is 
the diabetic mileu and the poor control of hyper- 
glycemia that promotes the microvascular lesions. 


+e Reprint requests: Hilliard F. Seigler, M.D., Department of Surgery, 
Duke University Medical Center, Durham, North Carolina 27710. 
Submitted for publication: July 5, 1979. 


From the Departments of Surgery and Medicine, 
Duke University Medical Center, 
Durham, North Carolina 


Even though exogenous insulin has prolonged the life 
of many juvenile diabetics, it has done little to pre- 
vent the microangiopathic complications or improve 
the quality of life. 

Many investigators have attempted to achieve better 
control of the diabetic state than exogenous insulin 
affords since even diabetics that are considered well 
controlled suffer daily excursions from euglycemia.?? 
Whole organ transplantation until recently has been 
relatively unsuccessful in humans owing mostly to the 
problems of finding a suitable route for exocrine 
drainage of the graft and the ever present difficulty of 
controlling rejection.'^'* Transplant Registry data! 
reports that only two of 52 pancreatic transplants func- 
tioned for any meaningful period of time. This negative 
experience has led many researchers into the field of 
isolated islets of Langerhans transplantation, where 
the exocrine and endocrine portion of the pancreas are 
separate. Many investigators??? report "cures" of 
animal diabetes by islet cell transplantation, but most 
of these studies involve the syngeneic transplantation 
of islets among inbred strains and thus obviate re- 
jection as a problem. These are not actually cures but 
represent relief of the symptomatology only. Several 
studies'^7??5 have, however, shown that microangi- 
opathic changes of experimental diabetes have been 
reversed or halted by the more physiologic control of 
blood glucose provided by transplanted islets. Again 
application to humans has been disappointing primarily 
due to the inadequate yield of islets from the fibrous 
adult human pancreas. In the most extensive human 
experience Najarian?? was able to isolate less than 0.2% 
of islets that are normally present in the pancreas. With 
such low yields multiple donors would be necessary 
for successful engraftment. This adds to the ever 
present problem concerning the immunogenicity of iso- 
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lated islets of Langerhans. Contrary to earlier theories" 
islets have been found to be extremely sensitive to re- 
jection, more so than heart, kidney and skin in some 
animal models.?* 

Because of technical difficulties with islet cell trans- 
plants in humans other possible methods of supplying 
the juvenile diabetic with an insulin scurce were in- 
vestigated. This report describes the relief of animal 
diabetes for the study period with a transplantable 
insulinoma. 
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Materials and Methods 
Hamster Tumor 


The transplantable insulinoma of the Syrian hamster 
was originally described by Kirkman.'? The tumor has 
been maintained as serial transplants in both hamsters" 
and athymic nude mice. Dr. S. Shin (Albert Einstein 
College of Medicine) kindly supplied the hamster tumor 
for this study. Syrian hamsters were purchased from 
Engle Laboratories (Farmersburg, IN). 


Nude Mouse Colony 


Athymic nude mice on a Balb C background were 
purchased from ARS-Sprague-Dawley Laboratories 
(Madison, WI) and were maintained under controlled 
conditions on laminar flow cage racks. 


Streptozotocin 


This compound is a selective beta cell toxin. The 
drug was made available by the Research Division of 
the UpJohn Company (Kalamazoo, MI). 

Twenty Syrian hamsters were selected for the initial 
study. Four animals served as normal controls (Group I). 
Sixteen animals were rendered diabetic with intraperi- 
toneal injections of Streptozotocin (50 mg/kg of body 
weight) and nine were randomized as diabetic controls 
(Group II) while seven were subsequently to receive 
insulinoma transplants (Group III). The hamsters were 
maintained in the diabetic state for a minimum of 14 
days to insure no recovery of endogenous islet cell 
function. After minimal ether anesthesia, tumor was re- 


Fic. 2. Graph revealing normalization of 
diabetic hamster water intake following 
tumor transplant. 
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Fic. 3. Hamster urine output curve. The diabetic animals showed 
severe polyuria that returned to normal following insulinoma 
implantation. 


moved sterile from the hamster and finely minced in 
Hanks Balanced Salt Solution (HBSS), centrifuged at 
1000 rpm for ten minutes and drawn into a 16 gauge 
hypodermic needle. Approximately 10° tumor cells 
were then injected into the subcutaneous tissue of a 
diabetic hamster. A single rodent tumor donor pro- 
vided adequate material for engraftment of five re- 
cipients. There was a 100% successful engraftment 
among the seven animals included in Group III. The 
-hamsters were maintained in metabolic cages and given 
Purina? rodent chow and water ad lib. Daily weights, 
water intake, urinary output and urine glucose were ob- 
tained. Blood samples were drawn every five days from 
the orbital sinus and analyzed for glucose with a 
Beckman Glucose Autoanalyzer.? At the end of the 
study period the implanted animals were sacrificed and 
tumor sections as well as tissue from other organs were 
examined histopathologically with H & E stain. Sec- 
tions of the insulinoma were also fixed with 5% gluteral- 
dehyde and examined by electron microscopy. 

Nine athymic nude mice were divided into groups 
of normal controls (Group I), diabetic controls (Group 
ID, and diabetic animals that were to receive the ham- 
ster insulinoma (Group III). A similar study as noted 
above was initiated. It was necessary to increase the 
dose of Streptozotocin to 200 mg/kg of body weight 
for induction of the diabetic state in the nude mouse. 
All materials that came in contact with the athymic 
. mice were autoclaved prior to usage. Animal weights 
and blood glucose levels were determined on a schedule 
of five day intervals. 
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Analytical Methods 


All measurements, performed in duplicate, are re- 
ported as the average + SD for the animals in each 
group at five day intervals. 


Results 
Hamster Study 


Group I: Normal control animals. All animals gained 
weight steadily with an average net gain of 0.8 gm/day 
(Fig. 1). Water intake and urine volumes were main- 
tained between 5-10 ml/day (Figs. 2 and 3). Urine 
glucose was negligible in this group of hamsters (Fig. 4). 
The average blood glucose in four normal rodents was 
never greater than 125 mg/dl throughout the study. 

Group II: Diabetic control hamsters. Following the 
intraperitoneal induction of Streptozotocin, hyper- 
glycemia ensued within 24—48 hours. The mean 
glucose for the nine animals 14 days after Strepto- 
zotocin was 330 mg/dl (days 0, Fig. 5). Obvious polyuria 
(30—40 ml/day, Fig. 3) and polydypsia (40-45 ml/day, 
Fig. 2) characterize this severe diabetic state. Urine 
glucose averaged approximately 3.8 g/day throughout 
the 30 day observation period (Fig. 4). The rodents in 
this group rapidly lost weight initially and showed no 
net gain at the end of the study. (Fig. 1). 

Group III: Diabetic hamsters pre- and posttrans- 
plant. A hamster insulinoma was transplanted sub- 
cutaneously into seven diabetic animals with a rapid 
return of urine output (37.9 + 10.9 ml/day to 7.6 + 2.1 
ml/day, mean + SD), water intake (38 + 9.1 ml/day to 
7/1 + 2.2 ml/day), urine glucose (4.8 + 0.8 g/day to 
less than 250 mg/day), and blood glucose 297 + 31.9 
mg/dl to 87.6 + 28 mg/dl) to normal control levels 
(Fig. 6). The animals showed near normal weight gain 
(+0.62 mg/day). 

Morphologic studies. Histological examination of 
the engrafted tumor revealed a well encapsulated, non- 
invasive solid mass of uniform appearing cells. These 
cells were arranged in branching cords and formed 
glandular-type structures indicating a well differen- 
tiated state (Figs. 7 and 8). Mitotic figures were few 
and scattered and there were no polymorphonuclear, 
lymphocytic, or plasma cell infiltrates in the tumor. 
Electron microscopy studies showed a few beta gran- 
ules (Fig. 9). Examination of the pancreas revealed 
extensive beta cell destruction in both the H & E and 
aldehyde fuchsin stains. Sections of other organs were 
normal grossly and microscopically. 


Athymic Mouse Study 


Group I: Normal controls. The three control animals 
showed an average steady weight gain of +0.20 g/day 
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24 HOUR URINE COLLECTION 
GLUCOSE GRAMS/d 


e— — —e Normal Control 1.6 mg/d (n= 4) 
4—————. Diabetic Control (nz 9) 
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FiG. 4. The extreme glycosuria of 
diabetic controls and the prompt return 
to normal after transplant is depicted in 
this graph. 


o—o Diabetic + Tumor (nz 7) 


DAY 


(Fig. 10) and mean blood glucose levels never ex- 
ceeding 125 mg/dl (Fig. 11). 

Group II: Diabetic controls. Following tae intra- 
peritoneal injection of Streptozotocin, the three ani- 
mals lost weight rapidly (—0.30 g/day, Fig. 10) and 
averaged a blood glucose of approximately 400 mg/dl 


throughout the duration of the study (Fig. 11). 


Group III: Diabetic athymic mice pre- amd post- 
engraftment with hamster insulinoma. All three mice 
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Fic. 5. Diabetic control hamsters ran mean glucose of 350 mg/dl. 
Following insulinoma transplant blood glucose was gradually lowered 


to control levels. 
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gained weight (+0.08 g/day) and showed a dramatic 
drop in blood glucose to normal values (440—80 mg/dl) 
within 20 days posttransplant (Figs. 10 and 11). Figure 
12 represents the typical metabolic response of the 
athymic mouse to Streptozotocin administration and 
subsequent hamster insulinoma implantation with later 
removal. The increase in blood glucose to diabetic 
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FIG. 6. Bar graphs showing pre- and posttransplant levels ( - SD) of 
the four parameteres measured. 
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Fic. 7. Photomicrograph of 
the hamster insulinoma 
showing a well encapsu- 
lated tumor composed of 
uniform appearing cells 
(hematoxylin & eosin x84). 


levels following removal of the tumor is evidence for 
the nonmetastatic growth of the tumor. 

Morphologic studies. Tissues were again sampled 
from the dead animals. There was no evidence grossly 
or histologically of metastatic disease or a cellular in- 
filtrate in the engrafted tissue. The hamster insulinoma 
xenograft in the nude mouse was histopathologically 


Fic. 8. Photomicrograph of 
hamster insulinoma re- 
vealing glandular appearing 
elements (hematoxylin & 
eosin X480). 
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indistinguishable from those grown in the donor 
Syrian hamster. 


Discussion 


Data accumulated from a number of excellent ex- 
perimental animal models have aided in determining 
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Fic. 9. Hamster insulinoma. Electron 
micrograph of tumor showing very few 
dark staining beta granules (uranyl 
acetate-lead citrate x 10,500). 





e9 (29) 
28 
cf 
O 
26 O EJ 
COP 
24 
E e 4——— Diabetic Control (n=3) Fic. 10. Graph demonstrating weight 
O o———-e Normal Control (n=3) gain of athymic nude mice. Posthamster 
Š 22 e Diabetic Post-Transplant (n=3) _!sulinoma transplant the diabetic mie 
L 2l IMPLANTED DAY O 
= À 
eO 
|9 
|8 
| 7 
O 2 IO Io eO 


DAY 


4 


500 
400 
Fic. 11. Diabetic athymic 400 


nude mice showed nor- 
malization of blood glu- 
cose post hamster in- 
sulinoma transplant. 


2 OO 


BLOOD GLUCOSE mg% 


|OO 


the location of the lesion in diabetes. Strautz?* in- 
vestigated the genetic defect in the hereditary obese 
(ob/ob) mouse that is characterized by hyperglycemia 
and a diabetic lag tolerance towards glucose and found 
that these parameters may be rendered normal fol- 
lowing implantation of pancreatic islets from their nor- 
mal litter mates. He suggested that the spontaneous 
diabetic-like state which develops in mice results from 
a missing or defective pancreatic factor or factors origi- 
nating from the islets of Langerhans, and that this 
factor was responsible for normal lipid and glucose 
metabolism. Gates'' and Barker? confirmed these 
observations in the ob/ob model and extended them to 
the New Zealand obese mouse—another genetically 
defective animal characterized by hyperglycemia. 
They speculated that if diabetes was caused by defec- 
tive islets then normal islets transplanted into these 
animals should reverse the symptoms of diabetes and 
perhaps even prevent vascular complications. 
Cameron? and Cohen’ found that glomerular lesions 
resembling those observed in diabetic patients were 
consistently noted in rats with Streptozotocin-induced 
diabetes. A number of investigators'??'?? have used 
this model to show that the renal mesangial thickening 
and the deposition of IgG, IgM and the third component 
of complement in the glomeruli can be reversed or 
halted by islet cell transplants. Orloff's group?? reports 
prevention of ophthalmic and neural lesions, along with 
renal microangiopathic changes with transplanted islets 
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of Langerhans. However, caution must be emphasized 
in trying to apply these findings to the juvenile diabetic. 
Currently available experimental models of diabetes do 
not produce a true counterpart to human glomerulo- 
sclerosis. Additionally, most of the animal studies have 
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Fic. 12. The metabolic response of the nude mouse to Streptozotocin 
injection, later hamster insulinoma transplantation and subsequent 
tumor removal. 
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utilized isologous donors, a setting in which the trans- 
planted islets are unhampered by the rejection phenom- 
enon. Technical problems in the islet isolation pro- 
cedure itself, caused by the fibrous nature of the human 
pancreas compared to animal organs, becomes an ad- 
ditional barrier to successful transplantation. 

Because of these differences between animal models 
and the human situation, alternatives towards sup- 
plying the juvenile diabetic with an endogenous source 
of insulin were investigated. It was found that trans- 
planting a hamster insulinoma into Streptozotocin- 
induced diabetic recipients could correct the symptoms 
of diabetes by rendering water intake, urinary output, 
urine glucose and blood glucose to normal levels. This 
is an attractive model since the tumor car provide a 
continuous source of insulin-secreting cells. It was easily 
possible to successfully transplant five recipient ani- 
mals with a single tumor donor. The insulinoma in this 
model revealed a nonmetastasizing growth pattern 
confirmed by autopsy material as well as a return of 
the diabetic state following removal of the tumor 
explant. 

If the secretory products of the insulinoma are 
similar to those of normal islets, then like normal 
transplanted islets, the tumor may provide the geneti- 
cally missing pancreatic factor in the Strautz?* diabetic 
animal model. Proinsulin,'* insulin, and glucagon”? 
have been identified in the hamster insulinoma. Taylor 
and Sheldon? were able to show that insulin released 
by insulinomas presents functional, immunologic and 
chromatographic resemblance to that secreted by 
normal islets. Cegrell® has shown measurable quantities 
of dopamine, 5-hydroxytryptophan and L-DOPA while 
Feldman'^ has found catechol-O-methyltransferase 
and monoamine oxidase in the tumor. All these bio- 
chemicals are found in normal islet tissue. It is of 
interest that the secretory process itself is remarkably 
analogous to that found in normal islets. Shapiro?! 
originally found that insulin release from the tumor was 
increased to four-fold by 40 mM potassium ir the pres- 
ence of calcium, glucose (22 mM), glucagon. cAMP, 
and theophylin and was inhibited by somatosta- 
tin. However, later studies? by the same group re- 
vealed that even though glucose was transported and 
phosphorylated by insulinoma cells, it did not cause a 
significant insulin release. Nonetheless the e*fects of 
glucagon, cAMP, calcium and somatostatin correlate 
well with the studies of the secretory process in normal 
islets. 

Another potential advantage of using insulinoma 
cells instead of islet cell transplants concerns the 
problem of rejection. In his review of whole organ 
transplants, Lillehei'’ observed that the islets were 
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less prone to rejection than the exocrine part of the 
gland. While other endocrine tissues such as the 
parathyroid? and ovary* may indeed be immunologi” 
cally privileged, islets are not. Reckard and co- 
workers*‘** first demonstrated prompt rejection (one to 
three days) of intraperitoneal rat islet allografts in AgB 
histoincompatible recipient—donor pairs. Donor- host 
pairs compatible at the AgB locus showed only minimal 
delay of rejection (seven to ten days). It was 
discouraging to find that islets appeared to be more 
sensitive to rejection than heart, kidney or skin grafts? 
and could induce accelerated rejection of subsequent 
skin grafts.** The insulinoma may prove not to be as 
immunogenic as normal islet tissue. Multiple in vitro or 
in vivo passages may delete the antigenicity either by 
loss of passenger cells as proposed by Lacy'® for the 
prolonged survival of transplanted islets first placed in 
tissue culture or by the surface antigenic deletion 
similar to the shedding of tumor associated antigens 
found in the melanoma system.* In any event, the 
increased survival of tumor cells may be analogous to 
the prolonged survival that occurs by transplanting 
neonatal tissues compared to normal adult tissues 
secondary to the antigenic composition of the cell 
surface. 

Recently, Duncan and Streilein? have tried to define 
the major histocompatibility complex of the Syrian 
hamster. Since this animal apparently exhibits no 
detectable polymorphism at loci that encode for serum 
determinant alloantigens,? they relied on cell-mediated 
assays to study the histocompatibility complex. Acute 
skin graft rejection, strong graft vs. host responses 
and a potent mixed lymphocyte reaction occurred > 
among five different inbred strains of hamsters sug- 
gesting a disparity at a major histocompatibility locus 
or several minor nonlinked histocompatibility loci. 
No attempt was made in this study to secure inbred 
Strains of Syrian hamsters and thus the transplanta- 
tion of tumors among these animals corresponds to an 
allograft, contrary to the isograft situation in most 
of the reported islet studies. 

Another exciting prospect is the likelihood of being 
able to transplant insulinomas across species lines. 
In the athymic mouse model, a setting that is unham- 
pered by rejection, we found the hamster insulinoma to 
ameliorate the diabetic symptoms of the mouse. This 
finding is in contrast to Shin's original observations? 
of the tumor in the athymic mouse and could con- 
ceivably indicate a change in tumor function with 
multiple passages. Evidence for changing metabolic 
conditions in the tumor comes from Feldman’s in- 
vestigations’ in which he found a marked difference y 
in dopamine concentration than was previously reported.^ 
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Finally there has been only one report in the litera- 


ture of the insulinoma used in a diabetic setting. Urea?' 

«v reports the transplantation of a pancreatic tumor into 
the brittle juvenile diabetic who required up to 300 units 
of regular insulin per day. One week after transplanta- 
tion he was aglycosuric and biopsy specimens three 
months later showed viable pancreatic tissue. During 
this time his insulin requirements dropped to 125 units 
per day. However, by ten months there was no biologic 
activity of the transplant and biopsy of the graft site 
showed only a fibrous and cellular infiltrate. This report 
and our animal studies present evidence that trans- 
plantable insulinomas are a feasible source of endog- 
enous insulin for the juvenile diabetic. Studies are in 
progress to determine if the tumor can reverse the renal 
microvascular lesions found in diabetic controls as the 
islet studies seem to suggest. The insulinoma model is 
excellent for study of both the acute and chronic fea- 
tures of the diabetic state. 


Un 
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Thromboresistant Surface Coatings for the Measurement 
of Cardiac Output Through Continuous Low Flow 


Peripheral A-V Shunts 


G. MICHAEL DEEB, M.D., HARVEY S. BOROVETZ, PH.D.,* BARTLEY P. GRIFFITH, M.D., ROBERT L. HARDESTY, M.D. 


The dilution technique for determining cardiac output using 
indocyanine green dye is limited in patients weighing less 
than 20 kg because of the obligatory volume loss. Reproducible 
determinations of cardiac output in small animals has been 
achieved using the green dye dilution method by the establish- 
ment of a low flow peripheral arteriovenous shunt. The shunt 
materials were treated with thromboresistant agents— TDMAC 
(7%) and albumin (1 g/dl) —to facilitate the use of this technique 
without heparin. For A-V shunt flow rates of 8—30 cc/min 
reproducible values of cardiac output were obtained for up to 
38 hours which were in good agreement with determinations 
made using the conventional technique of dye dilution. 


HE DILUTION TECHNIQUE for determining cardiac 
T output using indocyanine green dye is considered 
reliable. A disadvantage of this technique is that ap- 
proximately 30 cc of blood is withdrawn curing the 
determination. In small patients the obligatory loss of 
intravascular volume during measurement alters the 
cardiac output. Reproducible determinations of cardiac 
output in small animals has been achieved with the 
dilution technique using indocyanine greea dye by 
establishing an arteriovenous shunt and anticoagula- 
tion with heparin.* This is an investigation utilizing 
continuous low-flow peripheral arteriovenous shunts 
and thromboresistive surface coatings to facilitate the 
use of this technique without heparin. 
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ne ee 
Materials 


Arteriovenous shunts were established using poly- 
ethylene tubing, silastic rubber tubing and Teflon® 
cannulae, silastic rubber coated with Albumin (1 g/dl),! 
Silastic rubber coated with TDMAC-heparin (7%),3 
which was additionally stabilized with glutaraldehyde 
(1%).* Uniformly the tubing was 6.5 inches in length. 
The inner diameter of the polyethylene tubing which 
would influence the resistance to flow was 0.066 inches. 
The Teflon cannulae connected to the silastic tubing 
were 1.4 inches in length and tapered to an inner 
diameter of 0.067 inches at the end which was inserted 
into the vessel (Fig. 1). 


Methods 


Three to five experiments were performed for each 
material tested. The experimental animals were dogs 
weighing 15-20 kg. Anesthetic induction was intra- 
venous pentobarbitol (35 mg/kg) and maintenance 
Halothane (1%) by inhalation. The medial artery and 
lateral vein of the forepaw were cannulated with the 
various shunts which were first primed with saline. 
During cannulation care was taken to avoid stasis of 
blood in the tubing. An electromagnetic flow probe was 
placed proximally on the artery. Flow recordings were 
made on a Carolina 501 square wave flow meter. The 
Waters densitometer and Cor-100 computer and re- 
corder were used for determinations of cardiac out- 
put using indocyanine green dye. The dye was injected 
into a central venous pressure line with continuous 
arterial sampling through the densitometer achieved by 
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SILASTIC RUBBER WITH TEFLON CANNULA 


0.0. 0095" 
Q. 1.0. 0.066" 


END VIEW (10x) 


0.0. 0.12" 


1.0. 0.075" 


ENO VIEW 
OF TUBING (10x) 


VESSEL END 
0.0. 0.083" 


TUBING END 
0.0. 0.13" 07" ay" 


1.0. 0.11" 1.0. 0.067" 


TEFLON CANNULA (3x) 


Fic. 1. Geometric configuration of the shunts used in this study. 
The densitometer was positioned at the midpoint of each shunt. 
The Teflon cannulae were connected to the silastic rubber shunts 
(both with and without thromboresistant coatings). 


means of the arteriovenous shunt. Cardiac outputs and 
flow through the shunt were measured at 15 minute 
intervals (Fig. 2). 


Results 


Patency for flow of the polyethylene shunt was 15 
minutes and 45 minutes for silastic rubber shunts (Table 
1). Patency for shunts coated with TDMAC-heparin 
ranged between six to eight hours with 50% of the 
shunts occluding and 50% of the experiments being 
ended electively. The longest patency time occurred for 
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Fic. 2. Diagram of the experimental preparation. The shunt was 
inserted into the peripheral vessels of the forepaw. The electro- 
magnetic flow probe was placed around the artery proximal to the 


"* shunt. Dye was injected into the femoral vein. 
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TABLE I. Length of Time Each Shunt Material Remained Patent 
Without Systemic Anticoagulation 
Material Patency 
P.E. I5 min 
Silastic 45 min 
Silastic- Alb 6—38 hr 


Silastic-TDMAC 6-8 hr 


TABLE 2. Mean Value of Cardiac Output Obtained Using 
the Various Shunt Materials 


Material C.O. l/min 
P.E. 2.7 
Silastic 3.] 
Silastic- Alb 2.8 
Silastic-TDMAC 3.0 


silastic shunts coated with albumin. The experiments 
continued from 6—38 hours and all were ended elec- 
tively. There was no spontaneous occlusion of the 
shunt. 

The mean value for the cardiac outputs obtained by 
this method for all test materials is shown in Table 2 
and ranged from 2.5-3.5 l/min. These results are in 
good agreement with determinations made in each 
animal utilizing the conventional method and con- 
comitant loss of volume. Flows through the shunts are 
listed (Table 3) for which cardiac output determina- 
tions could be obtained. A minimum flow rate through 
the shunt of 8 cc/min is required. 


Discussion 


Determinations of cardiac output have become 
essential in the care of critically ill patients. The 
dilution technique using indocyanine green dye is a 
reliable method of measuring cardiac output but its 
value is limited in patients weighing less than 20 kg 
because of the concomitant loss of volume which it- 
self alters the measurement. The technique using 
thermodilution does not have an obligatory loss of 
volume but in small patients insertion of a Swan-Ganz 
catheter is difficult because of access to the venous 
system. An alternative is the use of continuous flow 


TABLE 3. Range of Flow Rates for Which Cardiac Output 
Determinations were Obtained 


Material Flow (cc/min) 
P.E. 10—20 
Silastic 8—30 
Silastic- Alb 10—25 
Silastic-TDMAC 10—30 
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and the dye dilution technique.? The present technique 
used continuous flow through a peripheral A-V shunt. 
Low rates of flow between 8—30 cc/min are adequate 
to obtain reliable and reproducible measurements of 
cardiac output. Access for the peripheral low flow 
shunts requires a minor operative procedure which 
can be performed using local anesthesia. Shunts lined 
with thromboresistive agents such as albumin or 
TDMAC-heparin may obviate the need for systemic 
anticoagulation and make this method applicable for 
small animals and children. 
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The Rise of Surgery: From Empiric Craft to Scientific 
Discipline. Owen H. Wangensteen and Sarah D. 
Wangensteen. 785 pp. Minneapolis, University of 
Minnesota Press. 1978. $39.50. 


A SCHOLARLY WORK Occasionally appears which 
justifies extraordinary praise. Such is clearly true of 
this outstanding contribution by Owen and Sarah 
Wangensteen. In the opening sentence of the preface, 
they penetrate directly to the mark in stating: “‘If all 
of Medicine from anatomy to zoology were taught with 
a view to the historic background of each discipline 
privileged to carry a badge of its own, our students 
would be better taught." It is from this viewpoint that 
the authors present a carefully edited and thoughtfully 
selected compilation of the history of surgery. They 
capture many principles with succinct commentaries, 
such as Bergmann's statement when he succeeded 
Bernard von Langenbeck at the Ziegelstrasse Clinic in 
Berlin. When asked, ''What is new in surgery? '', 
Bergmann replied, Today we wash our hands before 
operation!" In that terse reply, he epitomized the 
great change which altered the profile of surgery as a 
result of Lister's landmark contribution. 

The authors initiate this delightfully readable text 
.with a consideration of wound management from the 
earliest times, through the era of Ambroise Pare, to the 
contemporary approach. The major contributions sur- 
rounding lithotomy, prostatic obstruction, and gastric 
and intestinal surgery are each presented in an incisive 
and thoroughly fascinating manner. The introduction of 
anesthesia and the advent of antiseptic surgery are 
beautifully chronicled. The advances which have re- 
sulted from military surgery are also reviewed with 
particular attention to those contributions which were 
the direct result of specific experience in the Crimean, 
Franco-Prussian, and Civil Wars as well as World 
Wars I and II. 

The Wangensteens have made a special effort to 
include among those responsible for the advances in 
surgery contributors from other fields including 
Lavoisier, Pasteur, Koch, Rokitansky, and Fleming. 
Their basic scientific discoveries have served as a firm 
foundation for progress in clinical surgery. 

Emphasis is also placed on the fact that only in the 
ate nineteenth century did surgeons in the United 
States begin to limit their practice to surgery alone. 
Bull and Gerster in New York were among the first to 
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adopt this practice, but most surgeons, including 
Professors of Surgery, usually engaged in general 
medical practice as well. The development of each of 
the major surgical specialties is presented in a step-wise 
manner, clearly outlining the origin of each of our cur- 
rent major disciplines in surgery. Deserving of par- 
ticular commendation is the very carefully edited 
section at the end of the text consisting of recom- 
mendations for further reading. This portion of the text 
indicates the exhaustive references which the authors 
reviewed in the preparation of this classic. It will 
undoubtedly be a long time before another such 
thorough, complete, and attractively written history of 
surgery will appear. This volume should be considered 
required reading for all those who wish to understand 
the origin of modern surgery and its relevance to cur- 
rent surgical practice. The impact of this outstanding 
work is clearly stated in the dedication: ‘‘ May the spirit 
of inquiry, the love of learning, and the appreciation 
of the history of medicine create in our medical schools 
an intellectual atmosphere that will heighten greater 
commitment and accountability in its service to 
mankind. '' 

DAVID C. SABISTON, JR., M.D. 


Psychosocial Care of the Dying Patient. Charles A. 
Garfield (ed.). 430 pp. New York, McGraw-Hill. 1978. 


THIS IS A VERY SPECIAL kind of book in medical educa- 
tion, not just an appetizer, leaving one craving for 
more; or a main course or a standard fare, substantive, 
factual, detailing the meat and potatoes of medical 
practice; but more of a dessert, a special treat, some- 
thing to be savored and enjoyed. It is edited by Charles 
A. Garfield, a psychologist, who is well aware that there 
is something generally wrong with the efficient and 
mechanical way our medical institutions deal with the 
dying patient. But unlike so many critics of the medical 
profession, Garfield is not unsympathetic of the 
problems and needs of the physician. He seems to be 
aware that the usual approach to the dying patient is as 
much a manifestation of our culture — dehumanizing 
doctor as well as patient—as it is a creation of the 
medical profession. 

Psychosocial Care of the Dying Patient is an 
anthology, something of a smorgasbord, of essays, 
articles, brief stories, reports, verbatim interviews, 
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which call attention in various ways to the human 
situation of the dying patient. Caroline Driver describes 
her husband's last 15 months "living in" the hospital, 
how they transformed his sterile hospital room into an 
almost joyous meeting place, decorated with pictures, 
colorful sheets and pillows, rugs, appetizing meals 
homecooked on an electric frying pan served with wine, 
private time just for themselves, and social time in 
which other patients as well as hospital staff, nurses 
and doctors would stop by and talk about what all of 
them were going through. Two of Maurice Straus’ 
students report on "Dr. Straus’ Last Teaching 
Session" in which the great physician shared with his 
young colleagues his determined and resourceful 
efforts to die at home. These vignettes and many 
others like them become memorable experiences for 
the sensitive reader, causing one to ask oneself, '* How 
would I feel and what would I do in similar circum- 
stances?" and "What are my patients going through?" 
"Are there alternatives that I could offer in my practice 
that would go beyond technical skill and treatment?" 
For all that the subject of this book, death, is an 
unpleasant one, the book is an enjoyable one. 
aesthetically assembled and richly supplemented by 
some very moving photographs. It is a book which 
inspires both pride and shame in the medical profes- 
sion, in the possibilities for human service as well as 
the all too callous limitations that being human 
implies. It is a book that is not meant to be skimmed. 
but read and considered in small pieces in the quiet 
moments that are all too rare in the lives of busy 

physicians. 
ALLEN R. Dyer, M.D. 


Dictionary of Medical Ethics. A. S. Duncan. G. R. 
Dunstan and R. B. Welbourn (eds.). 336 pp. London, 
Darton Longman & Todd, Ltd. 1977. 


THIS DICTIONARY IS REALLY a mini-encyclopedia of 350 
articles from abortion to vivisection, written by 116 
contributors, all from Great Britain. The articles range 
from brief identifications often cross referenced of such 
items as autism, Barefoot Doctor. Hastings Center, 
Pope Pius XII, Semen Donation, to articles several 
pages in length complete with references on such topics 
as alcoholism, compensation, confidentiality, consent, 
human experiment, interprofessional relationships, 
medical malpractice, marital pathology and counseling, 
mental subnormality, nursing, population policy, 
prisoners, psychopathy, psychotherapy, research 
funding, sexual deviations, state health services. and 
tissue transplant. One also finds the texts of various 
ethical codes including the Hippocratic Oath, the 
Nuremberg Code, Declarations of Geneva, Helsinki, 
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Sydney, Oslo, and Tokyo as well as articles on the 
major religious traditions as they apply to medicine. 
including Buddhism, Christianity, Confucianism, Hindu 
Medicine, Islam, Judaism, and Shintoism. 

The very existence of such a work raises some 
perplexing problems about the place of ethics in 
medicine and in contemporary society. A dictionary 
of medical ethics implies a special language, a special 
vocabulary, needed to discourse about matters which 
are considered "ethical," as if they were somehow 
distinct from other affairs that people, especially 
physicians, discuss. One must acknowledge that medi- 
cine has in recent years tended to emphasize technical 
and scientific matters. Now as ethics makes its ‘‘come- 
back," it does so, not as part of medicine or of social 
tradition, but as a unique discipline replete with a 
language of its own and its own specialists. We can 
only welcome the increased awareness of ethical con- 
cerns but we must not be lulled into thinking that 
ethics can be left to specialists. The ethics of the 
physician are very much a part of the judgments he or 
she makes and warrant reflection clinically at the bed- 
side as well as in special forums reserved for ethics. 

Another potential pitfall of medical ethics is dis- 
closed by the constant reference to law in the various 
discussions: abortion, advertising, artificial insemina- 
tion, blood groups, certification of death consent, 
euthanasia, medical records, suicide and many others. 
There is a danger that legal statutes may serve as a 
substitute for pondering difficult ethical dilemmas. The 
law has the effect of standardizing decisions which 
may help the physician by offering useful guidelines 
or may tend to depersonalize medical care but ob- 
scuring the needs and interests of the individual 
patient. The Dictionary of Medical Ethics refers 
primarily to British Law and British social custom but 
the phenomenon is very similar in the United States: 
ethical questions are rapidly translated into legal ques- 
tions, which become constitutional issues. One of the 
tasks for ethics is to prevent a premature closure on 
complex issues and to broaden the scope of inquiry. 

The Dictionary of Medical Ethics is a useful and 
well constructed book. It brings together an impressive 
array of concerns. It will probably not make its way to 
the shelves of most practitioners, but hopefully it will 
stimulate and facilitate discussion of important ethical 
issues. 

ALLEN R. Dyer, M.D. 


Hodgkins Disease and the Lymphomas. C. R. Taylor. 
254 pp. Montreal, Eden Press. 1977. $25.00. 


THIS MONOGRAPH is one in a series of Annual Research 
Reviews of various subjects and this is the first review 


Vol. 191 e No. 1 


in the series on this particular subject. Although the 
content included in this work covers all material listed 
Win the Index Medicus on the subject of Hodgkins 
Disease and the Lymphomas for the year 1975, there 
are a few key earlier references summarized in this 
initial volume so that it will provide a "state of the 
art" account of these disease states. 

The general format of each chapter is a concise sum- 
mary of the author's conclusions from the recent litera- 
ture on a particular aspect of the overall subject and 
this is followed by a brief summary of virtually all 
recent authors' observations on this same area. C. R. 
Taylor has been thorough in recording the observations 
of other authors in 1975 while trying to give some 
perspective to the reported information. It is quite clear 
that this book, as well as subsequent annual volumes, 
will be of great value to the investigator, the hema- 
tologist, or the pathologist who is focusing his or her 
efforts on this general field as it is the most current, 
up-to-date review of the literature available. The text 
itself comprises 182 pages while there are 64 pages of 
references. 

A primary emphasis of this review volume is the 
immunological definition of Hodgkins Disease and the 
Lymphomas. The author compiled this material during 
a year he served as United Kingdom Medical Research 
Council Fellow at the University of Southern 
California with Professor Robert Lukes and his col- 
leagues in hematopathology. This environment plus the 
current investigative focus on the immunologic func- 
tional classifications and assessment of these diseases 
has led to allocation of a large share of the book to 
- immunopathology. The technical problems in evaluat- 
ing data from E. Rosette tests and surface immuno- 
globulin assays are well covered with a good critique of 
the methodology, its significance and the literature that 
has been published. Other lymphocyte markers and 
other techniques such as cytoplasmic immunoglobulin, 
immunofluorescence, immunoperoxidase techniques, 
electron microscopy, and cytochemical methodology 
are all reviewed in superb detail for these diseases. 
Special features of related conditions such as multiple 
myeloma, monoclonal gammopathy and heavy chain 
diseases are reviewed in like fashion. The clinical 
concepts of standard histologic diagnosis, staging, and 
therapeutic management of Hodgkins Disease and 
other lymphomas are also reviewed but in much less 
detail than the information from the investigative 
forefronts of hematopathology. A critical summary of 
the clinical approach to these disease states is also less 
extensive than the laboratory features described. 

In summary, this author has successfully accom- 
plished his mission and that of this Annual Research 
Review series by compiling a complete and very 
current bibliography and critical summary of recently 
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reported investigations in this exciting field. He has 
done this while working in close association with the 
leading investigators in this specific field and the final 
product is both accurate and valuable. However, this 
volume fails to provide the balanced overview needed 
by the student, trainee, or general clinician. It will 
probably be only of use to the specialized investigator 
or clinician who is working primarily in this field or 
alternatively, as a reference source for those of us who 
have more general interests. 

WALTER LAWRENCE, JR., M.D. 


The Medical Management of the Surgical Patient. F. G. 
Smiddy. 280 pp. Chicago, Year Book Medical 
Publishers. 1976. $18.95 


THE AUTHOR HAS produced this book in response to 
his observation that currently trained young surgeons 
are lacking '*a balance in their general medical knowl- 
edge and judgement.” 

To attempt such an undertaking within the confines 
of a small textbook (266 pages) the author has 
necessarily been selective. He has taken conditions 
seen commonly in everyday surgical practice and con- 
centrated primarily on nonsurgical aspects of treat- 
ment and follow-up. 

Major chapters include the management of diseases 
contributing to surgical morbidity and mortality, post- 
operative complications, surgical infections, diseases 
of the gastrointestinal tract, ancillary treatment of 
obliterative arterial disease, and management of pain. 
By well-organized and succinct writing the author has 
managed to include a large amount of information in 
this small text without resorting to a synopsis format 
of lists and tables. 

Each section is well referenced and has an ac- 
companying list of the drugs used in that section by 
generic and brand (British) name. Throughout the text, 
as each drug is introduced, the pharmacology of the 
drug is presented briefly with accompanying possible 
complications of therapy. Particular emphasis is made 
of possible cross-reactions between drugs, both 
synergistic and antagonistic. The physiology of a dis- 
ease process is included in sufficient detail to under- 
score the rationale of a therapeutic approach. 

This text goes a long way towards fulfilling the 
authors objective and will be a useful source of informa- 
tion to surgeons. 

RICHARD A. PERRYMAN, M.D. 


Endoscopic Retrograde Pancreaticocholangiography 
(ERPC). H. Anacker, H. D. Weiss, and B. Kramann. 
123 pp. New York, Springer-Verlag-NY Inc. 1977. 
$29.50. 
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THIS BOOK, apparently the first monograph in the field 
of endoscopic retrograde studies of the pancreas and 
biliary tract, summarizes the experiences and findings 
of pioneers in this field. 

The introductory chapters provide a short and 
interesting review of the history and development of 
pancreatography. This is followed by a beautifully 
illustrated chapter on the technique of ERCP with sug- 
gestions for management of difficult situations which 
should be of particular value to all endoscopists. The 
authors then summarize their indications, contraindica- 
tions, and complications, the latter being surprisingly 
few with a mortality of only 0.1%. 

There then follows a detailed discussion, superbly 
illustrated, of the anatomy and physiology of the pan- 
creatic and biliary systems as defined and refined by 
this technique. 

The remainder of the volume summarizes the 
authors’ experience with benign and malignant 
pathology of the pancreas and biliary tract and con- 
cludes with an admirable correlation of ERCP with 
other roentgenologic examinations of the pancreas. 

While this small volume will have its greatest appeal 
for endoscopists performing ERCP it will be of equal 
value for the abdominal surgeon who will find this 
technique playing an evermore important part in his 
daily clinical work. 

GEORGE L. NARDI, M.D. 


Recent Advances in Surgery. Selwyn Taylor (ed.). 450 
pp. New York, Churchill Livingstone. 1977. $26.50. 


THE EDITOR in his preface states that he has found it 
difficult to define what is "recent" and what is an 
"advance." After reading this book the reviewer 
shares this difficulty, for the 19 topics dealt with form 
an extraordinary mixture of subjects. 

Several of the subjects are of great interest to the 
general surgeon. First is the masterly review of the 
present status of treatment of cancer of the rectum by 
John C. Goligher. This is extremely readable and 
informative. The reviewer found no mention of Baker’s 
end-to-side anastomosis which has proven so useful for 
low anterior resection. The next chapter on colonos- 
copy by Williams is excellent but already somewhat 
out of date in this field of rapidly developing instru- 
mentation. Portal hypertension is authoritatively 
reviewed by J. L. Dawson who has included an 
excellent bibliography. Acute pancreatitis is reviewed 
by deJode and includes British experience with 
glucagon and transylol in treatment. Exception might 
be taken to his discussion of the place of surgery in 
the management of acute pancreatitis for he does not 
recommend cholecystostomy even when gallstones are 
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present unless there is an acute cholecystitis. 
Gastrostomy and jejunostomy, found useful by others, 
are not mentioned. Morbid obesity and its surgical 
management are well reviewed by Baddeley. His 
preference for the Payne end-to-side bypass technique 
is not generally favored by American surgeons. The 
chapter on parenteral nutrition by I. D. A. Johnston is 
informative but brief and not quite up to date. There is 
only one reference after 1974 in the bibliography. 

The longest and most detailed chapters in the book 
deal exhaustively with basic subjects of interest to all 
surgeons. There are two 35—40 page reviews. One is the 
Disorders of Haemostasis in Surgery and the other New 
Developments in Immunopathology. Both are written 
by recognized authorities and provide excellent refer- 
ences. Another basically scientific and detailed review 
is that of Welbourn and Joffe on the Apudomas. 

Three chapters are devoted to the technical aspects 
of surgery. These are Microsurgery, the Hyperbaric 
Environment, and Regional Renal Hypothermia. Each 
would be of interest to selected readers. 

The surgical specialist or fellowship candidate would 
find other chapters important. These subjects include 
testicular tumors, the management of low back pain, 
the anterior tibial compartment syndrome, the surgery 
of coronary artery disease, and the surgery of stroke. 

The final two chapters are of limited interest. One 
deals with S.I. units while the other is on the training 
of a surgeon. 

In summary, the reviewer would recommend this 
book. It is well printed and illustrated and modest in 
price by today's standards. It is somewhat uneven and 
rather a "mixed bag" but I found it well worth the 
time it takes to digest. 

ALLAN D. MCKENZIE, M.D. 


No Man Alone: A Neurosurgeon’s Life. Wilder Penfield. 
398 pp. Boston, Little, Brown and Company. 1977. 
$12.50. 


THIS IS THE STORY of a dream—a dream that became 
a reality. It is also the story of the life that was devoted 
to that dream. 

In order to describe the founding of The Montreal 
Neurological Institute, Dr. Wilder Penfield has neces- 
sarily written an autobiography. He traces his origins 
and briefly outlines his childhood in Spokane and 
Wisconsin. He then devotes the central portion of his 
book to the fascinating account of his intellectual 
development during periods spent at Princeton. 
Boston, Oxford, Baltimore, London, New York, 
Madrid, Breslau, and Montreal. 

As a college undergraduate, Wilder Penfield was 
drawn to medicine as a career. Between 1913 and 1918 


Vol. 191 e No. 1 


he acquired basic information and decided on a career 
as a neurosurgeon; from then until 1928 he developed 
K skill in medical research, neurophysiology, neurology, 
neuropathology, neurocytology, and surgery. But as he 
was preparing himself in this thorough fashion for his 
own career, Wilder Penfield began to think of the care 
of patients with diseases of the nervous system from a 
broader point of view. 

To quote from Dr. Penfield, "'[The idea for the 
development of a neurological institute] did not come to 
me until after I discovered, to my disappointment, that 
I simply could not carry out an effective approach to 
knowledge of the human brain and could not make use 
of that knowledge all by myself. That realization came 

. after I had undertaken to write a complete text- 
book of neuropathology. I realized that someone else, 
- somewhere in the world, was ready to do a better job on 
almost every chapter, one after the other. So I became 
an editor and organizer. I wrote one or two chapters, 
but the other thirty-odd chapters . . . were written by 
men who thus became my colleagues. Then . . . came 
the idea of an institute through which my own life's 
purpose could be carried out. . . . Some of the men 
who would come on staff, I hoped, would give me the 
specialized help I needed in my own exploration and 
treatment. The call for an institute was self-centered at 
the beginning, but it broadened rapidly into an 
altruistic establishment to serve the patients better and 
promote neurological research as never before.” 

Dr. Penfield fortunately had the help of Dr. William 
V. Cone, who looked after the practical day-to-day 
needs of their patients, while Dr. Penfield was laying 
- the groundwork for a neurological institute. The last 
segment of the book gives the account of how Dr. 
Penfield enlisted the support of Dr. Alan Gregg of the 
Rockefeller Foundation, and how that Foundation pro- 
vided the means of establishing the Montreal Neuro- 
logical Institute, which opened its doors in 1934. 

This book reads like a novel. I recommend it highly 
to anyone with an interest in the neurological sciences 
or medicine in general, or to anyone who simply 
enjoys a good story. 

ROBERT H. WILKINS, M.D. 


Atlas of Coloscopy. F. P. Rossini (ed.). 205 pp. New 
York, Springer-Verlag-N Y. 1977. $49.50. 


THIS ATLAS CONTAINS 492 figures comprising colon- 
oscopic photographs, x-rays, line drawings, photo- 
micrographs, and photos of gross pathological material. 
m Each figure is appropriately described with a legend, 
and brief narratives or descriptive annotations are 
interjected throughout the text. This volume is divided 
into four parts. The first part describes technical and 
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methodological detail as well as considerations of 
indications for coloscopy, contraindications, complica- 
tions, and problems encountered. Part Two is a com- 
prehensive presentation of endoscopic, radiographic, 
and pathological appearances of diverse diseases of the 
colon. Part Three brings together material concerning 
fiberoptic sigmoidoscopy, emergency coloscopy, per- 
operative or intraoperative coloscopy, and colonoscopic 
polypectomy. The fourth and last section contains the 
references. 

This atlas of coloscopy is a remarkably attractive 
volume. The quality of the photographs in this atlas 
rates high marks, also the organization and the 
presentation of the material contribute to easy read- 
ability. Although the atlas is complete in most respects, 
it does not contain a single photograph or description of 
villous tumors which, although less common than 
adenomatous polyps, certainly merit consideration. 
Further documentation on some of the lesions would 
be of interest to most readers. For example, the 
circumstances permitting development of colonic 
varices and documentation of the presence of such 
lesions pathologically would be of interest, provided 
such information is available. 

Documentation of the extrinsic lesions is of interest. 
In the author's categorization of inflammatory lesions 
in the colon he describes a separate entity as aspecific 
sigmoiditis. It would seem that a likely explanation of 
sigmoiditis is that it may represent an early stage in the 
development of ulcerative colitis. The section on 
emergency coloscopy for lower G.I. bleeding is 
interesting because emergency coloscopy for bleeding 
has not been employed extensively in this country. A 
brief statement regarding the effectiveness of colo- 
scopic diagnosis in acute massive lower G.I. bleeding 
would be a helpful supplement to this section. 

The principal aim of any atlas is to provide the reader 
with accurate visual images of the material presented. 
Dr. Rossini hits the mark on that score with his high 
quality endoscopic and pathologic photographs. Atlas 
of Coloscopy can be recommended highly to students, 
house officers, and practitioners as a source of ex- 
cellent illustrative material. 

R. Scott Jones, M.D. 


Immunology of the Gut. CIBA Foundation Symposium 
46. 373 pp. New York, Elsevier Scientific Publishers. 
1977. 


THE MONOGRAPH ENTITLED Immunology of the Gut is 
composed of papers taken from the symposium con- 
cerning this topic held at the Ciba Foundation in the 
spring of 1976. The authors reporting on the secretory 
IgA system of that gut present excellent supportive 
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data that IgA is derived from the plasma cells in the 
Peyer's patches and this immunoglobulin demonstrates 
a high degree of specificity and ability to respond for 
the production of local gut immunity. IgA secretory 
cells are reported to originate from the thoracic duct 
lymph and then migrate to the blood for final localiza- 
tion in the gut. Lymph node cells show very little 
contribution. Secretory component is shown to com- 
bine with IgA and IgM. Locally formed J chains are 
available for complexing with secretory component. 
IgA and IgM transferred to mucosa have a functional 
capacity of excluding different antigens. Secretory IgA 
antibodies from gut stimulated by certain food sub- 
stances and bacteria are shown to be present in 
maternal colostrum. It is felt that this may give rise to 
a degree of fetal immunity. 

The chapter discussing immunological responses to 
bacterial plaque in the mouth correlates plaque 
accumulation in man with gingival inflammation and 
both lymphocyte transformation and macrophage 
migration. This discussion holds a great deal of interest 
but is quite speculative. Synthesis and localization of 
IgE is evaluated in parasitized rats. This immuno- 
globulin is localized in both rat lymph node cells and 
lungs. Only a low concentration is found in Peyer's 
patch plasma cells and thoracic duct lymphocytes. 
Nematode stimulation provokes both humoral and 
cellular immunity. 

The chapter discussing the genetic and nutritional 
variations in antigen handling and disease is excellent. 
Proposed is a clear genetic control, either polygenic or 
single gene, for antigen handling in the neonate, but 
exposure from the environment is highly relevant. B 
cell deficiency and its gastrointestinal complication is 
discussed by Katz and Rosen. Such deficient states 
have a high instance of prolonged Giardia infection of 
the gastrointestinal tract that causes symptoms of 
malabsorption. Reported is a high instance of 
pernicious anemia in patients with agammaglobu- 
linemia. T-cell deficiency results in monilial infection 
of the gastrointestinal tract. Alpha chain disease is 
associated with a proliferative disorder of B cells in 
the small intestine and early disease is associated with 
a plasma cell infiltrate, whereas late disease may 
advance to a clear immunoblastic lymphoma. The 
general discussion section at the end of the symposium 
is quite good and the reader should pay particular atten- 
tion to this section of the monograph. 

Overall, the text is excellent. The symposium was 
successful in getting together the leading investigators 
and authorities concerned with the topic of im- 
munology of the gut. The book will prove to be an 
excellent reading and reference source for this subject. 

H. F. SEIGLER, M.D. 
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Transplantation Today, Vol. IX. Felix T. Rapaport and 
John M. Converse. New York, Grune and Stratton. 
1977. 


Tuis TEXT represents the manuscripts of the papers 
presented at the proceedings of the Sixth International 
Congress of the Transplantation Society held in New 
York City in August 1976. 

The book is divided into 13 sections and covers the 
broad categories of clinical and experimental trans- 
plantation, histocompatibility, immunology, trans- 
plantation biology, and new concepts that may con- 
tribute to future progress. All organs that are trans- 
planted are covered, including bone marrow, pancreas, 
heart, and liver. 

The level of sophistication of the material requires 
prior knowledge in the field of transplantation and 
therefore has limitations for beginning students and 
novices in the topics presented. The book provides an 
excellent reference for physicians, basic scientists, 
immunologists, technicians, and paramedical per- 
sonnel involved in transplantation. Transplant biolo- 
gists will find detailed current concepts in workshop 
reports and reports dealing with the immunogenetics 
of the HLA system, and allograft reactivity and 
immunologic responsiveness. 

Of particular interest to the clinician will be the 13th 
report of the International Human Renal Transplant 
Registry which details experience with 24,193 kidney 
transplants. Topics of controversy that are reported by 
different transplant centers include risk of neoplasm, 
role of blood transfusion in preventing rejection, 
transplantation in patients with diabetes, methods of 
organ preservation, and the role of ATG in the preven- 
tion of rejection. 

In summary, this textbook represents a superb refer- 
ence source for those interested in the current status 
of research and clinical experience in transplantation 
today. 

STANLEY R. MANDEL, M.D. 


Lymphedema. Leo Clodius (ed.). 192 pp. Stuttgart, 
Germany, Georg Thieme Publishers. 1977. 


LYMPHEDEMA, edited by Dr. L. Clodius of Zurich. is a 
monograph that suffers from multiple authorship of 
varying quality of content. Many of the chapters are 
poorly written recounts of experiences with old tech- 
niques, surgical and nonoperative, of the treatment of 
primary hypoplastic lymphedema, secondary acquired 
lymphedema, and parasitic lymphedema — variations 
of the Homans-Kondoleon excision or the Thompson 
flap. The results of these procedures are equivocal 
at best. 
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The best features of the monograph include (1) 
.Casley-Smith's chapter on the ultrastructure of the 
‘lymphatic and pre-lymphatic system, (2) Clodius 
chapter on ‘The Experimental Basis for the Surgical 
Treatment of Lymphedema," (3) Olszewski's two 
chapters, the first on the "Pathophysiological and 
Clinical Observations of Obstructive Lymphedema"* 
and especially the second, entitled "Surgical Lympho- 
venous Shunts for the Treatment of Lymphedema '. 
The use of microsurgical techniques described in this 
second chapter constitutes one of the few exciting new 
ventures in the field oflymphedema, though final visual 
proof of functioning lymphaticovenous shunts in long- 
term clinical follow-up is missing. The above chapters 
also have excellent bibliographies. 

The monograph is best suited for the experimental 
surgeon interested in the lymphatic system and 
particularly in the potential of microsurgical Iymphati- 
covenous anastomoses. 

WILLIAM G. ANLYAN, M.D. 


Intestinal Ischaemia. Adrian Marston. 190 pp. Chicago, 
Year Book Publishers. 1977. $20.00. 


THE AUTHOR of this slim and attractive volume is well 
known to American surgeons. His extensive investiga- 
tions concerned with systemic effects of intestinal 
ischemia were published in this journal. At the time of 
their publication, they represented a synthesis of 
knowledge of experimental intestinal ischemia to 
that date. 

This volume is very well designed and written. Its 
greatest virtue is the fact that a single author condensed 
a mountain of informative facts. He displayed these 
interspersed with his own commentary which derived 
from years of clinical experience as an operating 
surgeon. 

Dr. Marston has complemented his own work with 
that of an exceptionally talented medical illustrator. 
The clear drawings attractively relieve and enhance 
the text. These two men, a scientist and a scientific 
illustrator. have been poorly served by the publisher, 
who succeeded in printing many of the angiograms 
upside down. Despite this flaw, the volume is a good 
one and almost worth its inflated price. 

The organization of the book follows classical lines, 
with applied anatomy of the mesenteric circulation 
followed by a chapter on regulation and distribution of 
intestinal blood flow, and this in turn correlated with a 
summary of laboratory studies of intestinal ischemia. 
— The syndromes of intestinal vascular dysfunction 


~~ follow and include acute intestinal arterial insuf- 


ficiency, detailing the findings in mesenteric embolus 
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as well as thrombosis in low flow states, which are in 
turn correlated with pathology of acute intestinal 
failure. The volume does not end with a description of 
chronic intestinal ischemia, although this is very well 
covered. Instead, it continues to describe focal 
ischemia of the small intestine as well as ischemic 
stricture, and even a full chapter on ischemic colitis 
and a fascinating chapter on rarities that affect the 
intestinal circulation. 

A great deal of wisdom is packed into these few 
pages. Despite this, the knotty problem of intestinal 
ischemic states remains. It has yet to be fully 
unravelled. 

The lucid and temperate writings that make up this 
text should be of interest to the practicing general 
surgeon and general internist whose work includes the 
care of the geriatric population. 

JOHN J. BERGAN, M.D. 


Atlas of Endoscopic Retrograde Cholangiopancreatog- 
raphy. Edward T. Stewart, Jack A. Vennes, and Joseph 
E. Geenen. 366 pp. St. Louis, CV Mosby Company. 
1977. $45.00 


THE APPEARANCE OF an encyclopedic atlas of 
cholangiopancreatography containing 236 illustrative 
cases within the decade of the first endoscopic cannula- 
tion of the ampulla of Vater attests to the rapid and 
wide-spread acceptance and utilization of this ex- 
amination. 

The radiographs chosen by the editors are excellent 
not only for their representation of the particular dis- 
ease entities, but for their clarity and quality of repro- 
duction. The accompanying legends are meaningful and 
succinct, and the clinical information and editorial com- 
ments are concise, pertinent, and helpful. This atlas 
contains arather short text dealing with the embryology 
of the foregut, the anatomy of the periampullary region, 
and the indications, techniques, and hazards of retro- 
grade cannulation of the ampulla. This text is brief but 
appropriate to the format of an atlas and does not 
attempt to be a comprehensive treatise. 

Unfortunately, there are no surgeons among the 17 
contributors to the atlas. The atlas is presented from 
the viewpoint of gastroenterologists and radiologists 
and does suffer, in my opinion, from the absence of a 
surgeon's input. One area not considered in the atlas 
is the use of retrograde cholangiography in lieu of or in 
concert with percutaneous transhepatic cholangiog- 
raphy. Comparisons of these two techniques for such 
entities as biliary strictures or bile duct carcinoma 
would have been appropriate for inclusion in the atlas. 
The visualization of the pancreatic duct in cases of 
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carcinoma of the body of the pancreas appears to have 
been accomplished in patients suffering from unresect- 
able and near terminal disease. A comment as to the 
efficacy of early diagnosis in this entity by the technique 
of retrograde cannulation would be appropriate. A 
minor error in syntax is the repeated use of the noun 
"surgery when the authors are referring to an 
operation. 

This atlas is an excellent collection of classic radio- 
graphs of the myriad disease entities of the peri- 
ampullary region and emphasizes their characteristic 
diagnostic signs and the maneuvers necessary to elicit 
them. It is a splendid reference source that the pub- 
lishers have presented in an appealing and clear format 
and is recommended to the clinician dealing with dis- 
eases of the periampullary region. 

GEORGE E. Brock, M.D. 


Local Anesthetics (Second Edition). Rudolph H. deJong. 
388 pp. Springfield, Charles C Thomas. 1977. $32.50. 


HAVING READ the author's first monograph, Physi- 
ology and Pharmacology of Local Anesthesia with 
great appreciation, it is with considerable interest that 
one starts on his second edition. However. it is very 
clear that this is more than just a second edition. 
Actually, Local Anesthetics is almost entirely a new 
book, a fact that in itself is a reflection of the rapid 
progress and new developments in this important 
discipline of anesthesiology. The text. completely 
rewritten and updated, is significantly larger, and the 
bibliography has increased in number from 337 to 668. 
There are 36 more figures, 5 more tables, and the index 
has been expanded more effectively. In summary, this 
book can be regarded as another monograph by the 
author, who is widely known and respected for his 
work in this area. 

The text has continuity and direction in its manner 
of presentation and is consistent in style. However, 
this is not to say that the book is completely devoid 
of faults, but these are minor indeed. Whether for 
example the neural membrane is best described as a 
rigid protein-lipid-protein sandwich. instead of a 
more dynamic fluid structure allowing membrane 
proteins a great deal of lateral freedom of movement, 
or whether motor nerves really are blocked last, and 
recover first, are matters that are still debated in the 
current literature. 

This fine book fills in an excellent way a critical 
need felt alike by many clinicians and investigators. 
It is a pleasure to recommend it to all professionals 
who in their daily work use local anesthetics: 
anesthesiologists, surgeons, cardiologists, dentists, 
scientists, and many others. 

LENNART FAGRAEUS, M.D., PH.D. 
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Malignant Melanoma of the Skin and Mucous Mem- 
brane. G. W. Milton. 174 pp. New York. Churchill 
Livingstone. 1977. $29.00. 


THIS IS A COMPREHENSIVE presentation of malignant 
melanoma by an author who has extensive experience 
with the disease. The book is very well organized and 
presents all the various facets of malignant melanoma 
from etiology through diagnosis, treatment and special 
considerations on the horizon. While one of the 
strengths is the use of two specialists, there is a certain 
amount of repetition that is not apparent if one were to 
read this as a reference text perhaps. The colored 
photos of different clinical lesions are very well done 
and add greatly to a presentation of malignant 
melanoma. Presented with brief case histories. these 
are one of the strongest points of the book and in them- 
selves would make this a book that should be on every 
physician’s shelf. 

While this is a presentation of malignant melanoma 
from the authors’ experience and Viewpoint, it would 
have been more meaningful to the reader who may have 
been exposed to different forms of techniques and 
details of treatment to present these in comparison 
with his own experience and critique them in either a 
positive or negative fashion: for example, placement 
of a greasy ointment over the donor site gives far 
greater problems than leaving a thin gauze over the 
donor site, letting it dry out and treating it as one would 
an abrasion on the knee. The depth of invasion that 
dictates regional lymph node dissection in a patient 
with clinically negative nodes should be mentioned in 
precise figures for each area considered. The general 
presentation of levels and depth of invasion is inade- 
quate. Most surgeons would voice strong disagreement 
in the type of incision used for axillary dissection for 
malignant melanoma. There is no necessity in extend- 
ing the incision to the sternoclavicular joints as illus- 
trated by the authors and in all but the occasional male 
with very well developed pectoralis major muscle it is 
not necessary to separate this muscle. Finally, the 
black and white illustrations of the dissections (not 
those showing placement of incisions) are so poor as 
they should not have been presented this way, but 
perhaps illustrated by a medical artist. 

The treatment of melanoma of the lower trunk and 
legs is well covered in the text, but lacks greatly be- 
cause there are no illustrations. There is one signifi- 
cant deficiency in that the author does not mention 
the level at which he begins the dissection; i.e. at the 
bifurcation of the aorta or the external iliac artery, and 
he does not mention the palpation through the upper 
incision of the paracaval nodes, liver, etc. Other types 
of incisions, which in some respects are preferred, were 
not mentioned; for example, two parallel incisions have 
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a much lower incidence of necrosis and less inflamma- 
tion of the wound which parenthetically may contribute 
to leg edema. The use of a nerve stimulator in plotting 
the course of the facial nerve is unnecessary since 
proper dissection requires that each branch be identi- 
fied and dissected out thoroughly. 

In the treatment of metastasis it would have been 
well to mention the use of intraarterial infusion and 
cobalt. While the general tenets mentioned by the 
author are well taken and whereas it is accepted that 
radiation therapy has little to offer the patient with 
melanoma, it should be pointed out that radiation 
therapy is very beneficial in three circumstances: 1) for 
the patient with recurrent groin or axillary disease that 
is not resectable, 2) for the patient with painful bony 
lesions from metastatic melanoma, and 3) when utilized 
as total brain radiation for the patient with significant 
symptoms from intracranial metastasis. 

Immunology and immunotherapy as a chapter is very 
comprehensive and very well done. However, the in 
vitro correlates of the immunologic responsiveness of 
the patient with malignant melanoma are poor at best. 

LoREN J. HUMPHREY, M.D. 


Microvascular Reconstructive Surgery. Bernard McC. 
O’Brien. 359 pp. New York, Churchill Livingstone. 
1977. $38.00. 


THIS WELL-WRITTEN text on microsurgery is the work 
of a single author, Bernard McC. O’Brien, the inter- 


. national pioneer of practical microvascular surgery. 


The writer has astutely organized the knowledge 
obtained from his ten years of microsurgical laboratory 
and clinical experience to produce a much-needed text- 
book about this challenging and rapidly expanding 
surgical discipline. The detailed descriptions and 
illustrations of microsurgical instruments and funda- 
mental techniques provide a sound technical basis for 
the novice of microsurgery. The experienced micro- 
surgeon will find the historical sections (introducing 
each chapter), experimental work, and extensive 
bibliography of interest. 

The initial chapters are devoted to the history of the 
operating microscope, micro-instruments, training of 
the microsurgeon and development of a microsurgical 
unit or team. O'Brien's descriptions of instruments are 
biased towards his particular usage, although he makes 
an effort to list other variations. Throughout the text, 
he wisely re-emphasizes the necessity of the team con- 
cept necessary for successful and productive clinical 
microvascular reconstruction. 

Chapters on pathophysiology, and histopathology of 
microvascular patency and occlusion, techniques of 
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small vessel grafting, and discussions on anticoagulants 
aid the microsurgeon in the understanding of some of 
the difficulties of microvascular repair. Although most 
of the conclusions are derived from the author's micro- 
surgical laboratory, reference is frequently noted about 
findings of other investigators. All chapters are well 
illustrated by clear photographs obtained through the 
operating microscope as well as adequate drawings. 

The author relies on his vast experience of more 
than a score of major limb replantations and over one 
hundred digital replantations to expound on the indica- 
tions, planning, technique, sequence of surgical steps, 
and postoperative management of replantation surgery. 
A liberal display of pre- and postoperative photographs 
are helpful, although long-term careful follow-up on 
useful upper extremity function is lacking. 

Exciting new applications of microsurgery are well 
described and adequately illustrated in specific 
chapters. Free vascularized tissue transfers, such as 
skin and subcutaneous tissue, toe-to-digit, omental 
transfers, muscle, bone, and microlymphatic surgery 
are all presented in individual sections. The author 
discusses the up-to-date investigative work of others as 
well as his own experience in these new reconstructive 
procedures. The neurovascular anatomy of the donor 
areas for free flaps of all types and the advantages and 
problems of each donor site are described and illus- 
trated. Understandably, the clinical presentation of 
much of this reconstructive surgery is mostly 
anecdotal. 

Although the majority of the book deals with micro- 
vascular surgery, there are two chapters on micro- 
neural repairs and grafts. Nothing new is offered in this 
area. but the author emphasizes the use of the operating 
scope, repair of the nerves without tension at the suture 
site. and reviews the current status of the field. He 
admits that evidence is lacking for comparative 
statistical evaluation of the different types of peripheral 
nerve repair. 

Since microsurgery has arrived, no surgery specialty 
will escape its potential in reconstructive surgery; 
therefore. this well-organized volume is highly recom- 
mended for all imaginative surgeons. 

JAMES R. URBANIAK, M.D. 


Duodenal Ulcer. K. G. Wormsley. 100 pp. Montreal, 
Eden Press. 1977. $15.00. 


THIS IS ONE of several annual research reviews 
published by Eden Press, each of which is designed to 
cover in detail the information added during one year to 
each topic. The publisher states that "each topic is 
covered each year so that the successive annual 
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volumes on any subject will provide a unique record 
in a field". The author, in his foreword. calls this 
volume *'Duodenal Ulcer 1976" and states that it is 
based on papers listed in the Index Medicus in 1975. 
This approach, were it followed slavishly, would make 
it impossible to place all but truly new discoveries in 
historical perspective. Wormsley, a physician-re- 
searcher from Dundee, Scotland. is an experienced 
reviewer who obviously recognizes this problem and 
avoids it wherever possible. 

The scope of the review is broad. including 
epidemiology and clinical aspects of duodenal ulcer 
disease, stress ulceration, the pathophysiology of duo- 
denal ulceration, diagnostic procedures, the pharmaco- 
logical and dietary aspects of medical treatment and a 
discussion of surgical treatment. This review and those 
of duodenal ulcer that are scheduled to follow annually 
will provide useful references for clinicians and 
research workers who have a special interest in duo- 
denal ulcer disease, its pathogenesis and its treatment. 

GEORGE A. HALLENBECK, M.D. 


TeLinde's Operative Gynecology. Richard F. Mattingly. 
871 pp. Philadelphia, J. B. Lippincott Company. 1977. 
$62.50. 


WHEN DR. TELINDE, an eminent Hopkins Professor of 
Gynecology, wrote the first edition of Operative 
Gynecology 32 years ago, it was immediately ac- 
claimed for its content and clarity of style. It soon 
became the most authoritative book for gynecologists 
and others interested in the surgical treatment of 
gynecologic disease. One must be disappointed that the 
passage of time has not allowed Dr. TeLinde to con- 
tinue as an author of his book. However, Dr. Richard 
Mattingly's participation as co-author of the fourth 
edition and now as principal author of this fifth edition 
has guaranteed continuation of this important book in 
the same fine style and Hopkins tradition. Dr. Mattingly 
is an outstanding and experienced practitioner and 
teacher of gynecology. In addition. as Editor of 
Obstetrics and Gynecology, he has ample literary 
skills and talents. 
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The recent edition has been improved in many ways. 
Previous chapters have been arranged in more logical 
sequence. New chapters on pelvic anatomy, medico- 
legal aspects of pelvic surgery, and laparoscopy 
have been included. Discussions of other new subjects 
include carbon dioxide cystoscopy and urethroscopy, 
hyperalimentation, and new techniques of tubal 
reconstruction. The bibliography at the end of each 
chapter lists many old and new references to important 
work. Many new illustrations of operative procedures 
have been added and some older illustrations have 
been omitted. The new illustrations of extensive 
operations for pelvic malignancy are especially good, 
as are the beautiful color photographs of colposcopy 
findings. Authors for special sections are well chosen. 
The pages are larger and the book is larger and more 
expensive, but it is well worth the cost. 

Although this book is very useful in learning or 
reviewing various gynecologic operative procedures. it 
is not simply an atlas of surgical techniques. It is far 
more than this. It recognizes that the proper per- 
formance of an operation is important, but it also recog- 
nizes that the successful practice of gynecologic 
surgery depends upon a thorough understanding of 
pathophysiology and clinical manifestations of pelvic 
disease, the wisdom and experience to select the right 
patient for operation and the right operation for the 
patient. Because of this philosophy, information of 
great value about much of gynecology is included — 
how to talk to a patient who needs an operation, 
hormonal therapy for the young patient who requires 
à bilateral oophorectomy, the pathogenesis of cervical. 
cancer and endometriosis, factors influencing the deci- 
sion to do a hysterectomy or a myomectomy for 
uterine myomata, and much more. 

Fortunate indeed is the specialty in medicine that 
can have such a comprehensive, up-to-date, well- 
written and well-illustrated book to help set and main- 
tain the standards and style of practice in that specialty. 
Residents in training and gynecologists in practice 
will find it useful. 


JOHN D. THOMPSON, M.D. 
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[n patients with serious bacterial infection, the 
choice of antibiotic therapy is usually made on the 
basis of the effectiveness-to-risk ratio. This considera- 
tion is particularly important when an aminoglycoside 
antibiotic is indicated. 

The activity of Nebcin* (tobramycin sulfate, Lilly) 
againsta w ide range of gram-negative organisms is 
now well known. A review of worldwide literature 
shows "that tobramycin has significant antibacterial 


activity and that it is the most potent of all aminogly- 


cosides against P. aeruginosa. The antibacterial 





activities of tobramycin and gentamicin against mem- serious complicated and recurrent urinary 


bers of the Enterobacteriaceae are comparable, with tract infections 
"each agent possessing slightly greater activity than the serious skin, bone, and soft-tissue infections, 
other against selected strains of any species." including burns 
Nebcin is indicated in the treatment of caused by susceptible strains of the following 


microorganisms: Pseudomonas aeruginosa, 
Escherichia coli, Proteus sp. (indole-positive and 
indole-negative), Providencia, Klebsiella-Entero- 
bacter-Serratia group, Citrobacter sp., and 
staphylococci, including Staphylococcus aureus 
(coagulase-positive and coagulase-negative). 


The proximal tubule 


The proximal tubule is the site in the 
renal system where aminoglycosides produce 
nephrotoxicity 

An investigator has studied the urinary 
excretion of alanine aminopeptidase, a principal 
enzyme of the brush-border membrane of the proximal 
tubule? Levels of the enzyme become elevated in the 
urine as a result of toxic lesions in acute tubular necro- 
sis or of inflammatory processes in the kidney, such as 
rejection crisis. In measurements of the effect of amino- 
glycosides (administered for three consecutive days) on the excretion 
of this enzyme by healthy humans, tobramycin appeared to have a 
minimum effect on the brush-border membrane. 

Another investigative team has studied the relationship between 
tissue concentration and toxicity? The toxicity of aminoglycosides 
may be related to the degree of their binding to tissue. Hence, 
aminoglycosides that accumulate less may be less nephrotoxic. 

All aminoglycosides are potentially nephrotoxic and ototoxic. 
Therefore, patients should be monitored closely when aminogly- 
cosides are being used. Patients with impaired renal function, the 
elderly, those with underlying disease, those with prior exposure to 
potentially nephrotoxic agents, and those with poor host resistance 
are at special risk. During clinical trials in 3506 patients treated with 
tobramycin, investigators reported drug-related nephrotoxicity in 
1.5 percent (53 patients). 

In view of the effectiveness of Nebcin and the relatively low risk of 
nephrotoxicity, tobramycin can be an appropriate choice for patients 
requiring aminoglycoside therapy. 


septicemia 
serious lower respiratory infections 
gastrointestinal infections, including 
peritonitis 
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WARNINGS 
Patients treated with Nebcin should be under close clinical observation, 
because tobramycin and other aminoglycoside antibiotics have an inherent 
potential for causing ototoxicity and nephrotoxicity. 

Both vestibular and auditory ototoxicity can occur. Eighth-nerve impairment 
may develop if patients have preexisting renal damage and if Nebcin is admin- 
istered for longer periods or in higher doses than those recommended. 

Tobramycin is potentially nephrotoxic. Renal and eighth-nerve function 
should be closely monitored in patients with known or suspected renal 
impairment and also in those whose renal function is initially normal but who 
develop signs of renal dysfunction during therapy. Such impairment may be 
characterized by cylindruria, oliguria, proteinuria, or evidence of nitrogen 
retention (increasing BUN, NPN, or creatinine). Evidence of impairment in 
renal, vestibular, or auditory function requires discontinuation of the drug 
or dosage adjustment. 

Nebcin should be used with caution in premature and neonatal infants 
because of their renal immaturity and the resulting prolongation of serum 
half-life of the drug. 

In the case of overdosage or toxic reactions, peritoneal dialysis or hemo- 
dialysis will help remove tobramycin from the blood. 

Serum concentrations should be monitored when feasible, and prolonged 
concentrations above 12 mcg/ml should be avoided. Urine should be 
examined for increased excretion of protein, cells, and casts. 

Concurrent and sequential use of other neurotoxic and/or nephrotoxic 
antibiotics, particularly streptomycin, neomycin, kanamycin, gentamicin, 
cephaloridine, paromomycin, viomycin, polymyxin B, colistin, and vanco- 
mycin, should be avoided. 

Nebcin should not be given concurrently with potent diuretics. Some 
diuretics themselves cause ototoxicity, and intravenously administered 
diuretics enhance aminoglycoside toxicity by altering antibiotic concentra- 
tions in serum and tissue. 

Usage in Pregnancy — Safety of this product for use during pregnancy has 
not been established. 































Description: Tobramycin sulfate, a water-soluble antibiotic of the aminoglycoside 
group, is derived from the actinomycete Streptomyces tenebrarius. Nebcin Injection is 
a clear and colorless sterile aqueous solution for parenteral administration. It is stable 
anc requires no refrigeration. 

Indications and Usage: Nebcin is indicated for the treatment of serious infections 
caused by susceptible strains of the following microorganisms: Pseudomonas 
aeruginosa, Escherichia coli, Proteus sp. (indole-positive and indole-negative), 
Providencia, Klebsiella-Enterobacter-Serratia group, Citrobacter sp., and staphylococci, 
including Staphylococcus aureus (coagulase-positive and coagulase-negative). 

Nebcin is indicated in the treatment of septicemia; central-nervous-system 
infections, including meningitis; neonatal sepsis; serious lower respiratory infections; 
gastrointestinal infections, including peritonitis; and serious skin, bone, and soft-tissue 
infections, including burns, caused by the susceptible organisms listed above. Clinical 
studies have shown Nebcin also to be effective in serious complicated and recurrent 
urinary tract infections due to these organisms. Aminoglycosides, including Nebcin, 
are not indicated in uncomplicated initial episodes of urinary tract infections unless 
the causative organisms are not susceptible to antibiotics having less potential toxicity. 
Nebcin may be considered in serious staphylococcal infections when penicillin or 
other potentially less toxic drugs are contraindicated and when bacterial susceptibility 
testing and clinical judgment indicate its use. 

Bacterial cultures should be obtained prior to and during treatment to isolate and 
identify etiologic organisms and to test their susceptibility to tobramycin. If suscepti- 
bility tests show that the causative organisms are resistant to tobramycin, other 
appropriate therapy should be instituted. In patients in whom gram-negative 
septicemia, neonatal sepsis, or meningitis is suspected, including those in whom 
concurrent therapy with a penicillin or cephalosporin and an aminoglycoside may be 
indicated, treatment with Nebcin may be initiated before the resu ts of susceptibility 
studies are obtained. The decision to continue therapy with Nebcin should be based on 
the results of susceptibility studies, the severity of the infection, and the important 
additional concepts discussed in the WARNINGS box above. 

Contraindication: A history of hypersensitivity to tobramycin is a contraindication 
to its use. 

Warnings: See WARNINGS box above. 

Precautions: Specimens should be collected during therapy for examination, as 
recommended in the WARNINGS box. 

Neuromuscular blockade and respiratory paralysis have been reported in cats 
receiving very high doses of tobramycin (40 mg/kg). The possibility that prolonged or 
secondary apnea may occur should be considered if tobramycin is administered to 
anesthetized patients who are also receiving neuromuscular blocking agents, such as 
succinylcholine or tubocurarine. 

Cross-allergenicity among aminoglycosides has been demonstrated. 

if overgrowth of nonsusceptible organisms occurs, appropriate therapy should 
be initiated. 


Adverse Reactions: Nephrotoxicity — Renal function changes, as shown by rising 
BUN, NPN, and serum creatinine and by oliguria, cylindruria, and increased protein- 
uria, have been reported, especially in patients with a history of renal impairment who 
are treated for longer periods or with higher doses than those recommended. 

Neurotoxicity — Adverse effects on both the vestibular and auditory branches of the 
eighth nerve have been noted, especially in patients receiving high doses or prolonged 
therapy. Symptoms include dizziness, vertigo, tinnitus, roaring in the ears, and 
hearing loss. 

NOTE: The risk of toxic reactions is low in patients with normal renal function 
who do not receive Nebcin in higher doses or for longer periods of time than those 
recommended. 

Other reported adverse reactions possibly related to Nebcin include increased serum 
transaminase (SGCT, SGPT) and increased serum bilirubin; anemia, granulocytopenia, 
and thrombocytopenia; and fever, rash, itching, urticaria, nausea, vomiting, headache, 
and lethargy. 

Suggested Dosage Guides —1.M./I.V.: 

The usual duration of treatment is seven to ten days. 

Usual dosage for adults, children, and older infants (normal renal function) — 

3 mg/kg/day administered in three equal doses every eight hours. In life-threatening 

situations, the dosage may be increased up to 5 mg/kg/day administered in three or 

four equal doses. This dosage should be reduced to 3 mg/kg/day as soon as clinically 
indicated. (Refer to Table 1 for dosage schedule.) 

Dosage for neonates up to one week of age (normal renal function) — 
Up to 4 mg/kg/day may be given in two equal doses every 12 hours. 

Dosage guidelines for adult or pediatric patients with reduced renal function — 

After a loading dose of 1 mg/kg, subsequent dosage must be adjusted either with 

reduced doses at eight-hour intervals or with normal doses at prolonged intervals. 

To determine the reduced dose at eight-hour intervals, see the convenient nomogram 

in the package literature* To calculate normal dosage at prolonged intervals (if the 

creatinine clearance rate is not available and the patient's condition is stable), the 
following formu!a may be used: 
1 mg/kg q(6X serum creatinine) h 

Neither regimen should be used when dialysis is being performed. 

I. V. Administration — The usual volume of diluent for adults is 50 to 100 ml. For 
children, the volume of diluent should be proportionately less than for adults. The 
diluted solution usually should be infused over a period of 20 to 60 minutes. 





*An alternate rough guide for deter mining reduced dosage at eight-hour intervals (for patients 
whose steady-state serum creatinine values are known) is to divide the nor mally recommended dose by 
the patient's serum creatinine. 


Table 1. Dosage Schedule Guide for Adults with Normal Renal Function 
(Dosage at Eight-Hour Intervals) 


Usual Dose for 
Serious Infections 


Maximum Dose for Life- 
Threatening Infections 
(Reduce as soon as possible) 
1.66 mg/kg q8h 
(Total, 5 mg/kg/day) 


For Patient 
Weighing 
kg Ib 


]mg/kgq8h 
(Total, 3 mg/kg/day) 


mg/dose ml/dose* 
q8h 
120 mg 3 ml 
115mg 2.9 ml 
110 mg 2.75 ml 
105 mg 2.6 ml 
100 mg 2.5 mi 
2.4 ml 
2.25 ml 
2.1 ml 


95 mg 
90 mg 
85 mg 
80 mg 2 mi 


1.9 ml 
1.75 ml 
1.6 ml 
1.5 ml 
1.4 ml 
50 mg 1.25 ml 
45 mg 1.1 ml 
40 mg 1 ml 


75 mg 
70 mg 
65 mg 
60 mg 
55 mg 





*Applicable to al! product forms except Nebcin, Pediatric, Injection (see How Supplied) 


How Supplied: Ampoules (Vials) Nebcin* (tobramycin sulfate, Lilly), Injection, 80 mg 
(equivalent to tobramycin) per 2 ml, 2 ml, rubber-stoppered, in packages of 1 and 
Traypaks™(multivial cartons, Lilly) of 25. 

Ampoules (Vials) Nebcin, Pediatric, Injection, 20 mg (equivalent to tobramycin) per 
2 ml, 2 ml, rubber-stoppered, in packages of 1. 

Hyporets* (disposable syringes, Lilly) Nebcin, Injection, 60 mg (equivalent to 
tobramycin) per 1.5 ml, 1.5 ml, and 80 mg (equivalent to tobramycin) per 2 ml, 2 ml, 
in packages of 24. 

Each ml also contains 5 mg phenol as a preservative, 3.2 mg sodium bisulfite, O.1 mg 
edetate disodium, and water for injection, q.s. Sulfuric acid and/or sodium hydroxide 
may have been added to adjust the pH. [030476c] 


Additional information available to the profession 
on request from Eli Lilly and Company, 
Indianapolis, Indiana 46206. 


A : A 2 Eli Lilly Industries, Inc. 


Carolina, Puerto Rico 00630 


800646 


Over three thousand documented cases have proven the ACMI thin T-91S flexible sigmoidoscope 
to be first choice among surgeons for effectively examining the terminal 55cm of the colo-rectum. 
Superb maneuverability and thin diameter of the ACMI T-91S assures your patient of 
maximum comfort and a fast, thorough office procedure with highest diagnostic yield. Find out more 
about ACMI dependability and service. Write or call American Cystoscope Makers, Inc., 
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Nolvad 


634 


IOMG TABLETS 


CX 


TAMOXIFEN CITRATE 


A well-tolerated form of endocrine therapy." 


Nolvadex b.i.d. is easily given at home: Patients need not 
experience the disruption of family life that can occur with 
cytotoxic drugs, where administration often necessitates 
hospitalization. 

Depicted below are comparative results from studies 
of Nolvadex as initial therapy...and as subsequent therapy: 





Objective responses to Nolvadex as initial or subsequent 














endocrine therapy + 
NO PRIOR PRIOR 
ENDOCRINE ENDOCRINE 
THERAPY + THERAPY + 
CHEMOTHERAPY CHEMOTHERAPY 
Complete Response 76/178 41/118 
+ (43%) (35%) 
Partial Response 
Stabilization 29/178 34/118 
(No Change) (16%) (29%) 
Progression 73/178 43/118 
(41%) (36%) 





A valuable antiestrogen for the palliative 
treatment of advanced breast cancer 
in postmenopausal women. 


*Unlike side effects usually associated with other agents, those most frequently reported 
with Nolvadex were not disabling or life-threatening. This explains the comparatively 
low discontinuance rate of 2%. The uncomplicated oral regimen of Nolvadex does not 
necessitate hospitalization 


Indicated in breast cancer that has 
metastasized to bone and viscera...as well 
as to soft tissue. 


The following is a tabulation of objective responses to 
Nolvadex in patients who entered therapy with progressive 
disease —from 13 separate studies": 


Objective responses by dominant site of progressive 
disease in 305 evaluable: patients 





FT 
BONE VISCERA Els 





TOTAL NUMBER 
OF PATIENTS 107 131 67 


eee 


COMPLETE RESPONSE 

measured by complete 

disappearance of all known »E 
malignant disease and 

recalcification of osteolytic 

lesions for at least 4 weeks 


—— ——Há—— ——————— — — — — ——— 


PARTIAL RESPONSE 
measured by decrease of 50% 
or greater in size of lesions, 
and/or partial recalcification 
or blastic transformation of 
osteolytic lesions for at 

least 4 weeks 


3 10 
(2%) (15%) 


36 4l 3l 
(34%) (31%) (46%) 


— ———— ——— —— — ——— Á———U———— 


STABILIZATION 

(NO CHANGE) 
measured by decrease of 
less than 5096 or increase 
of less than 2596 in size of 
lesions, with no change in 
osseous lesions for 
atleast 4 weeks 


28 29 9 
(26%) (22%) (13%) 


Total (complete or partial 
response or stabilization) 


60% 56% 15% 





PROGRESSION 
measured by increase 

of greater than 25% in size of 
lesions, or appearance 

of any new lesions 


43 
(40%) 


17 


58 
(44%) (25%) 





t Data on file, Stuart Pharmaceuticals 


t Of a total of 409 patients studied, 104 were excluded from evaluation of Nolvadex efficacy 
because of an inadequate treatment period, concomitant therapy with other anticancer agents, 
or not having evaluable disease 


Please see next page for a brief summary of prescribing information. 
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BRIEF SUMMARY 
NOLVADEX® (tamoxifen citrate) tablets 


Indications and Usage: Nolvadex® has proven useful in the 
palliative treatment of advanced breast cancer in postmeno- 
pausal women. Available evidence indicates that the patients 
who have had a recent negative estrogen receptor asSay are 
unlikely to respond to Nolvadex. 

Contraindications: There are no known contraindications to 
the use of Nolvadex. 

Warnings: Nolvadex may have oncogenic activity in animals; 
the possibility of this potential in humans should be consid- 
ered. Nolvadex affects reproductive function in rats at dose 
levels somewhat higher than the human dose. Safe use in 
pregnancy has not been established. 

Ocular changes have been reported in a few patients 
treated for periods greater than one year with Nolvadex at 
doses at least four times the highest recommended daily 
dose of 40 mg. The ocular changes consist of retinopathy 
and, in some patients, there are also corneal changes and a 
decrease in visual acuity. Ophthalmologic examinations of 
selected patients receiving long-term therapy with Nolvadex® 
at recommended doses have not detected any ocular pathol- 
ogy attributable to the drug. 

As with other additive hormonal therapy (estrogens and an- 
drogens), hypercalcemia has been reported in some breast 
cancer patients with bone metastases within a few weeks of 
starting treatment with Nolvadex. If hypercalcemia does oc- 
cur, appropriate measures should be taken and, if severe, 
Nolvadex should be discontinued. 

Precautions: Nolvadex should be used cautiously in patients 
with existing leukopenia or thrombocytopenia. Observations 
of leukopenia and thrombocytopenia occasionally have been 
made, but it is uncertain if these effects are due to Nolvadex 
therapy. Transient decreases in platelet counts, usually to 
90,000-100,000/cu mm, infrequently lower, have been occa- 
sionally reported in patients taking Nolvadex for breast can- 
cer. No hemorrhagic tendency has been recorded and the 
platelet counts returned to normal levels even though treat- 
ment with Nolvadex continued. Periodic complete blood 
counts, including platelet counts, may be appropriate 

Usage in Pregnancy: Nolvadex should not be usec during 
pregnancy. 

Adverse Reactions: The most frequent adverse reactions to 
Nolvadex are hot flashes, nausea, and vomiting. These may 
occur in up to one-fourth of patients, but are rarely severe 
enough to require discontinuation of treatment. 

Less frequently reported adverse reactions are vaginal 
bleeding, vaginal discharge, menstrual irregularities, and 
skin rash. Usually these have not been of sufficient severity to 
require dosage reduction or discontinuation of treatment 

Increased bone and tumor pain, and also local disease 
flare have occurred, which are sometimes associated with a 
good tumor response. Patients with increased bone pain may 
require additional analgesics. Patients with soft tissue dis- 
ease may have sudden increases in the size of preexisting le- 
sions, sometimes associated with marked erythema within 
and surrounding the lesions, and/or the development of new 
lesions. When they occur, the bone pain or disease flare are 
seen shortly after starting Nolvadex® and generally subside 
rapidly. 

Other adverse reactions which are seen infrequently are 
hypercalcemia, peripheral edema, distaste for food. pruritus 
vulvae, depression, dizziness, light-headedness and head- 
ache. 

If adverse reactions are severe, it is sometimes possible to 
control them by a simple reduction of dosage without loss of 
control of the disease. 

Overdosage: Acute overdosage in humans has not been re- 
ported. Signs observed at the highest doses following studies 
to determine LDso in animals were respiratory difficulties and 
convulsions. No specific treatment for overdosage is known; 
treatment must be symptomatic. 

Dosage and Administration: One or two 10 mg tablets twice 
a day (morning and evening). 

How Supplied: Nolvadex tablets are white, round, biconvex 
tablets imprinted with STUART 600, containing tamoxifen as 
the citrate in an amount equivalent to 10 mg of tamoxifen. The 
tablets are available in containers of 60 tablets and 250 tab- 
lets. The tablets should be protected from heat and light 
NDC0038-0600 September 1979 


Division of ICI Americas Inc. 
Wilmington, Delaware 19897 


RY STUART PHARMACEUTICALS 


NEW SURGICAL TECHNIQUES 
PROGRAM AVAILABLE FROM 
CHESEBROUGH-POND’S INC. 


Chesebrough-Pond's Inc., through its Hospi- 
tal Products Division has prepared an infor- 
mative new program, Surgical Techniques: 
Incisions and Closures. This program, avail- 
able as a film or in slides, looks at the surgical 
procedure from patient prep to wound clo- 
sure. Plastic and general surgeons from the 
Harvard Medical School, the University of 
Miami, University of California at Los Angeles, 
Tulane University and Stanford University 
Schools of Medicine demonstrate the surgical 
techniques. Though particularly applicable to 
the surgeon-in-training, the program has been 
of value to other medical specialties as well as 
to nursing and OR personnel. 


Free showings of the film can be arranged by 
writing or calling Sales Coordinator, Hospital 
Products Division, Chesebrough-Pond's Inc., 
33 Benedict Place, Greenwich, CT 06830: 
telephone: (203) 661-2000, Ext. 2564. 





CLINICAL FACULTY 
POSITIONS OPEN 
1980-1981 
COLLEGE OF MEDICINE 
KING FAISAL UNIVERSITY 
DAMMAM, SAUDI ARABIA 


The expanding College of Medicine at King Faisal 
University is going into its sixth year of development and 
invites applications from qualified clinical faculty for the 
1980-1981 year in: 


GENERAL SURGERY AND ALL SUBSPECIALTIES 


SALARIES are highly competitive and comparable to 
other Saudi universities. Interviews are scheduled 
during February 1980 in London, Houston and Ottawa. 


The language of instruction is English. 


BENEFITS include free furnished housing, educational 
allowances for children, air tickets to and from Saudi 
Arabia once each year for a family of four, 60-day paid 
vacation each summer, liberal overweight allowance. 
No Saudi income tax. 


Please send curriculum vitae with current telephone 
numbers, and the names and addresses of three 
references to: 


Dr. Tawfiq Tamimi, Dean 
College of Medicine, King Faisal University 
c/o Saudi Arabian P. O: Box 2 
Educational Mission Sunbury-on-Thames 
2221 West Loop South Middlesex TW16 5JP 
Houston, Texas 77027 England 
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CyberLith IV 
Multi- Programmable 


CMOS Model 259-01 
Fe 


intermedics Inc. 
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CYBERLITH IV 


sCING 


The first AV sequential pacemaker system to totally utilize 
the original CyberLith programming flexibility and reliability. 


Compact and light- 
weight, the CyberLith IV 
A-V sequential pacemaker 
(model 259-01) is designed 
to accomodate your pa- 
tient's long-term pacing 
requirements. 

A-V sequential (DVI) 
pacing can increase car- 
diac output to enhance the 
treatment of heart failure 
and sick sinus syndrome. 
This pacing mode can also 
be used to suppress numer- 
ous arrhythmias. 

The CyberLith IV is sub- 
stantially smaller than any 
other A-V sequential pace- 
maker, weighing one-third 
less than its nearest 
competitor. It utilizes two 


Intermedics CyberLith IV—Brief Summary 


INDICATIONS FOR USE: Implantable cardiac 
pulse generators may be indicated for 
long-term treatment of impulse formation or 
conduction disorders resulting in symptomatic 
bradyarrhythmias, tachyarrhythmias, and heart 
block unresponsive to drug therapy. 


A-V sequential pacing is specifically 
indicated for treatment of conduction 
disorders which require restoration of both rate 
dnd atrio-ventricular synchrony. A-V 


reduced-size unipolar 
leads, and the resulting 
smaller catheter diameters 
facilitate passing these 
leads transvenously. 


Multi-programmable, 
the Cyber Lith IV offers 15 
rates, 15 pulse width settings 
and 7 sensitivity levels. The 


sequential pacing is also indicated for patients 
with extensive myocardial infarction with A-V 
block and sinus bradycardia. 


CONTRAINDICATIONS AND SIDE EFFECTS: 
There are no known contraindications to the 
use of pacemakers as a medical method for 
control of heart rate. Body rejection 
phenomena, local tissue reaction or skin 
necrosis, muscle and nerve stimulation, 
embolism, and cardiac tamponade have 
been reported. 


PRECAUTIONS: See the “Cautionary Notes” 
section of the Physician's Manual for the 


standard series 522 
CyberLith Programmer per- 
mits selective noninvasive 
programming with all the 
necessary combinations. 


When you make a choice 
for your patient's best in- 
terest, choose CyberLith IV. 


Y |ntermedics Inc. 


P.O. Box 617 

Freeport, Texas 7754! 
Tel: (713) 233-8611 

Toll free: 1-800-231-2330 


Our business is life™ 


Intermedics cardiac pulse generator to 
be implanted. Discussion includes Possible 
Complications, Environmental Hazards 
(electrocautery, diathermy, defibrillation, 
microwave ovens, home appliances, and 
industrial and special environments), and 
Effects of Drugs on Cardiac Pacing. 


NOTE: CyberLith IV is currently undergoing 
clinical evaluation. 

(O November, 1979, Intermedics, Inc. 
CyberLith IV ™ is a trademark of Intermedics, 
Inc. Freeport, TX. 
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When they can eat... 





hydromorphone HC] & 


The first step after injectables in post-op analgesia. 
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Description: Dilaudid is hydromorphone, a hydro- hours, as necessary, for moderate to moderately se- side and potency on other side as follows: green — 1 
genated ketone of morphine vere Dain. For more severe pain, 3-4 mg or more every mg; orange Sy, mg; pink — 3 mg and yellow ~4 m 
Indications: For relief of moderate to severe pain. 4-6 hours, as necessary, may be required Available in: 1 mg — bottles of 100 (NDC #0044-1021- 
Contraindications: Suspected increased intracra- Treatment of Overdosage: |f overdosage is treated 02), 2 mg — bottles of 100 (NDC #0044-1022-02) and 
nial pressure, status asthmaticus within an hour, emesis and gastric lavage should be 500 (NDC #0044-1022-03), 3 mg — bottles of 100 * 
Warnings: May be habit forming with a potential for _ attempted Special attention should be given to respi- (NDC #0044-1023-02), 4 mg —bottles of 100 (NDC 
agdiction equivalent to morphine in equi anaigesic ration and, if depression occurs, it may be an- #0044-1024-02) and 500 (NDC #0044-1024-03) 
doses. Tolerance may also occur. As with all narcot- tagonized by the use of naloxone hydrochloride 

ics, use in early pregnancy only when expected bene- (Narcan *)—Endo, nalorphine hydroct oride . 

fits O itweian risks (Nal ine= )- Merck sharp & Dohme Or ievallorphan Knoll Pharmaceutical Company 
Adverse Effects: Nausea, vomiting, diarrhea, con- tartrate (Lorfan*) —Roche. as recommended by the Whippany, New Jersey 07981 

stipation, anorexia and somnolence may occur al- manutacturer. Other supportive measures snould be A 

though unlikely with appropriate dose selection applied when indicated 


Dosage and Administration: Dosage must be indi- How Supplied: Dilaudid HC! color coded tablets Member Company, Certified Medical B 


vidualized. The usual adult dose is 2 mg every 4-6 (NOT FOR INJECTION) imprinted with K logo on one Representative Institute. Inc 
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...and nuirition 


Sustacal 


Great tasting nutritional support 
in a small, easily-consumed serving. 


When surgery, therapy or disease 
reduces your patients’ appetites or 
increases their needs, they need a 
nutritional boost. They need Sus- 
tacal. 


TAC LECE. Me EL LAL ELLI mal litt 
tional supplement that helps insure 
daily nutritional needs are met — 
without replacing the foods patients 
are eating. 


Sustacal is a delicious way to give 
your patients well-balanced nutri- 
tion in a small, easily-consumed 


OUSTAGAL 


NUTRITIONALLY COMPLETE FOOD 


serving ... a maximum amount of 
nutrition in a minimum volume. 


Sustacal comes in a variety of 
flavors and forms... ready-to-use 
liquid, pudding, and powder that 
mixes readily with milk. 


So, when your patients need extra 
nutrition, specify Sustacal. 


Mead pinson 


NUTRITIONAL DIVISION 


©1979 Mead Johnson & Company, Evansville, Indiana 47721 





Pathogens don't compromise. 
Why should you? 
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Just one pathogen species missed. 


antiseptic can cause serious proble 












why scrubbing and prepping leave no room for 
compromise with the quality of an antiseptic. 
A small difference in cost is not worth the risk. 


BETADINE Microbicides promptly kill ES 
ram-positive and gram-negative bacteria, Uncompromising 


ungi, viruses, protozoa and yeasts. antisepsis for scrubbing 1 


BETADINE Microbicides have been , 
documented specifically by name—and in the and prepping x 


same formulations you employ in practice— 
in over 650 published reports encompassing 
thousands of clinical procedures. ® 
BETADINE Microbicides were also chosen 
by NASA for disinfection procedures in Apollo 
splashdowns and in the Skylab mission. 


e 


“In the rare instances of local irritation or sensitivity, 


BETADINE S calS b*—f eal discontinue use by the individual. kd 
d urgical Scrub*—for surgica ; 
scrubbing and patient degerming. © Purdue Frederick . Company/Norwalk, CT 06856 
—— BETADINE Solution or BETADINE EMO ee 
Aerosol Spray—for patient prepping and 7 Beanin AA | Dhasarata 
postoperative antisepsis on incisions. Foremost [wet 





"UNT 3 EL at the 1980 
SV Olympic 


documented |y) 
+. 


by NASA 


Tue 


Annals of Surgery -> " 


NOV - A Ce S 


A Monthly Review of Surgical Science and Practice 


Also the official publication of 
THE AMERICAN SURGICAL ASSOCIATION 
THE SOUTHERN SURGICAL ASSOCIATION 
PHILADELPHIA ACADEMY OF SURGERY 

NEW YORK SURGICAL SOCIETY 


EDITORIAL AND ADVISORY BOARD 


DAVID C. SABISTON, JR., M.D., Chairman 
Durham, N.C. 


J. WESLEY ALEXANDER, M.D. WILLIAM P. LONGMIRE, JR., M.D. 
Cincinnati, O. Los Angeles, Calif. 
WILLIAM A. ALTEMEIER, M.D. 


LEONARD D. MILLER, M.D. 
Cincinnati, O. 


Philadelphia, Pa. 


FRANCIS D. MOORE, M.D. 
Boston, Mass. 


W. GERALD AUSTEN, M.D. 
Boston, Mass. 
PEELS Os BATENSON, NEN WILLIAM H. MULLER, JR., M.D. 

Pittsburgh, Pa. 


Charlottesville, Va. 
WARREN H. COLE, M.D. 


: JOHN S. NAJARIAN, M.D. 
Asheville, N.C. 


Minneapolis, Minn. 
MICHAEL E. DE BAKEY, M.D. 


Houston, Tex. JONATHAN E. RHOADS, M.D. 
Philadelphia, Pa. 
STANLEY J. DUDRICK, M.D. 
Houston, Tex. PAUL S. RUSSELL, M.D. 
J. ENGLEBERT DUNPHY, M.D. Boston, Mass. 


San Francisco, Calif. JOHN A. SCHILLING, M.D. 


PAUL A. EBERT, M.D. Seattle, Wash. 


San Francisco, Calif. G. THOMAS SHIRES, M.D. 
ERIC W. FONKALSRUD, M.D. New York, N.Y. 


Los Angeles, Calif. 


FRANK L. A. GERBODE, M.D. 
San Francisco, Calif. 


HARRIS B. SHUMACKER, JR., M.D. 
Indianapolis, Ind. 


DAVID B. SKINNER, M.D. 
FRANK GLENN, M.D. 
New York. N.Y Chicago, Ill. 
FRASER N. GURD, M.D. FRANK C. SPENCER, M.D. 
Ottawa, Canada New York, N.Y. 


OLGA M. JONASSON, M.D. SAMUEL A. WELLS, JR., M.D. 
Chicago, Ill. Durham, N.C. 


Emeritus Members 


William F. Rienhoff, Jr., Baltimore, Md., John D. Stewart, M.D., Boca Raton, Fla. 


J. B. LIPPINCOTT COMPANY, Publishers 
Philadelphia and Toronto 


———————————————————————————————————————————————————— 


ANNALS OF SURGERY (ISSN 0003-4932) is published monthly by the J. B. Lippincott Company, East Washington 
Square, Philadelphia, PA 19105. Subscription orders and changes of Address: Journal Fulfillment Department, Lippincott/ 
Harper, 2350 Virginia Avenue, Hagerstown, MD 21740. Subscription Rates: United States and U.S. possessions per year: 
$29.00; resident rate (U.S. only): $21.00; all other countries except Japan: $39.00. Subscription orders and correspondence 
about subscriptions in Japan should be sent to Woodbell Scope, 11-11, Shoto 2-chome, Shibuya-ku, Tokyo 150, Japan. 


Second class postage paid at Hagerstown, MD and at additional mailing offices. Single copies: $5.00. Copyright € 1980 
J. B. Lippincott Company. Printed in U.S.A. 





Valuable in serious gram-negative infections 
(including anaerobic infections) 


@lungabscess/empyema X Chloromycetin (chloramphenicol sodium succinate 


m endocarditis for injection, USP) is one antibiotic that consistently 
. msepticemia/bacteremia crosses the blood-brain barrier in effective concentra- 
| m deep-seated abscess tions. It has a remarkably broad spectrum that includes 
|. W brain abscess organisms within the designation of gram-negative 
| . mepiglottitis and gram-positive, aerobic and anaerobic and, 
|. mmeningitis — especially, many species of the anaerobes, such as 
... m wound infections . Bacteroides, Clostridium, and Peptostreptococcus, 
gm abdominal sepsis responsible for serious infections. Used judiciously, 
à E. m pelvic abscesses ... Chloromycetin can save lives. 


"Due to susceptible organisms, when per PAROI hazardous therapeutic agents are ineffective or contraindicated. 
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Prescribing Information 

Chloromycetin? Sodium Succinate 
= sodium succinate for injection, 
For intravenous administration 


WARNING 

Serious and fatal blood dyscrasias (aplastic anemia, 
hypoplastic anemia, thrombocytopenia, and granulo- 
cytopenia) are known to occur after the administra- 
tion of chloramphenicol. In addition, there have been 
reports of aplastic anemia attributed to chloram- 
phenicol which later terminated in leukemia. Blood 
dyscrasias have occurred after both short-term and 
prolonged therapy with this drug. Chloramphenicol - 
must not be used when less potentially dangerous 
agents will be effective, as described in the INDICA- 

ONS section. /t must not be used in the treatment of 
trivial infections or where it is not indicated, as in 
colds, influenza, infections of the throat; or as a 
prophylactic agent to prevent bacterial infections. 

Precautions: It is essential that adequate blood 
Studies be made during treatment with the drug. While 
blood studies may detect early peripheral blood 
changes, such as leukopenia, reticulocytopenia, or 
granulocytopenia, before they become irreversible, 
such studies cannot be relied on to detect bone 
marrow depression prior to development of aplastic 
anemia. To facilitate appropriate studies and observa- 
tion during therapy, it is desirable that patients be 
hospitalized. 





IMPORTANT CONSIDERATIONS IN PRESCRIBING IN- 
JECTABLE CHLORAMPHENICOL SODIUM SUCCINATE 


CHLORAMPHENICOL SODIUM SUCCINATE IS INTENDED 
FOR INTRAVENOUS USE ONLY. IT HAS BEEN DEMON- 
ar AED TO BE INEFFECTIVE WHEN GIVEN INTRAMUS- 
CULARLY. 


1 Chloramphenicol sodium succinate must be hydrolyzed to 
its microbiologically active form and there is a lag in 
achieving adequate blood levels compared with the base 
given intravenously 

2. The oral form of chloramphenicol is readily absorbed and 
adequate blood levels are achieved and maintained onthe 
recommended dosage 

3 Patients started on intravenous chloramphenicol sodium 
succinate should be changed to the oral form as soon as 
practicable 

DESCRIPTION 

Chloramphenicol is an antibiotic that is clinically useful for and 
Should be reserved for, serious infections caused by organ- 
Isms susceptible to its antimicrobial effects when less 
potentially hazardous therapeutic agents are ineffective or 
contraindicated. Sensitivity testing is essential to determine its 
indicated use, bul may be performed concurrently with 
therapy initiated on clinical impression that one of the 
indicated conditions exists (see INDICATIONS section) 

Each gram (10 ml of a 10% solution) of chloramphenicol 
sodium succinate contains approximately 52 mg (2 25 mEq) 
of sodium 

ACTIONS AND PHARMACOLOGY 
In vitro chloramphenicol exerts mainly a bactenostatic effect 
on a wide range of gram-negative and gram-positive bacteria 
andisactivein vitro against rickettsias, the lymphogranuloma- 
psittacosis group, and Vibrio cholerae. Chloramphenicol is 
particularly active against Salmonella typhi and Hemophilus 
influenzae. The mode of action is through interference or 
inhibition of protein synthesis in intact cells and in cell-free 

Systems 
Chloramphenicol administered orally is absorbed rapidly 

frorn the intestinal tract. In controlled studies in adult volun- 

teers using the recommended dosage of 50 mg/kg/day. a 

dosageof 1 g every six hours for eight doses was given. Using 

the microbiological assay method, the average peak serum 

level was 11.2 mcg/ml one hour after the first dose. A 

cumulative effect gave a peak rise to 18.4 mcg/mlafterthe fifth 

dose of 1 g..Mean serum levels ranged from 8 to 14 mcg/ml 
over the 48-hour period Total urinary excretion of chloram- 
phenicol in these studies ranged from a low of 68% to a high of 

99% over a three-day period. From 8 to 12% of the antibiotic 

excreted is in the form of free chloramphenicol: the remainder 

consists of microbiologically inactive metabolites, principally 
the conjugate with glucuronic acid. Because the glucuronide 

IS excreted rapidly, most chloramphenicol detected in the 

blood is in the microbiologically active free form. Despite the 

small proportion of unchanged drug excreted in the urine, the 
concentration of free chloramphenicol is relatively high, 
amounting to several hundred mcg/ml in patients receiving 
divided doses of 50 mg/kg/day. Small amounts of active drug 
are found in bile and feces. Chloramphenicol diffuses rapidly, 
but its distribution is not uniform. Highest concentrations are 
found in liver and kidney, and lowest concentrations are found 
in brain and cerebrospinal fluid. Chloramphenicol enters 
cerebrospinal fluid even in the absence of meningeal inflam- 
mation. appearing in concentrations about half of those found 
in the blood. Measurable levels are also detected in pleural 
and in ascitic fluids, saliva, milk, and in the aqueous and 
vitreous humors, Transport across the placental barrier occurs 
with somewhat lower concentration in cord blood of newborn 
infants than in maternal blood 

INDICATIONS 
In accordance with the concepts in the WARNING box and 
this INDICATIONS section, chloramphenicol must be used 
only in those serious infections for which less potentially 
dangerous drugs are ineffective or contraindicated. How- 
ever, chloramphenicol may be chosen to initiate antibiotic 
therapy on the clinical impression that one of the condi- 
tions below is believed to be present: in vitro sensitivity 
tests should be performed repite! so that the drug 
may be discontinued as soon as possible if less poten- 
tially dangerous agents are indicated by such tests. The 
decision to continue use of chloramphenicol rather than 


another antibiotic when both are by in vitro 
studies to be effective against a specific pathogen should 
be based upon severity of the infection, susceptibility of 
the pathogen to the various antimicrobial drugs, efficacy 
of the various drugs in the infection, and the important 
—— concepts contained in the WARNING box 
above: 


1. Acute infections caused by S typhi* 
It is Not recommended for the routine treatment of the 
typhoid carrier state. 
2. Serious infections caused by susceptible strains in accor- 
dance with the concepts expressed above: 
a) Salmonella species 
b) H influenzae, specifically meningeal infections 
C) Rickettsia 
d) Lymphogranuloma-psittacosis group 
e) Various gram-negative bacteria causing bacteremia, 
meningitis, or other serious gram-negative infections 
f) Other susceptible organisms which have been demon- 
strated to be resistant to all other appropriate antimicro- 
bial agents 
3. Cystic fibrosis regimens 


*In the treatment of typhoid fever. some authorities recommend tha! 
chloramphenicol be administered at therapeutic levels for 8 to 10 days 
after the patient has become afebrile to lessen the possibility of relapse 


CONTRAINDICATIONS 
Chloramphenicol is contraindicated in individuals with a 
history of previous hypersensitivity and/or toxic reaction to it. /t 
must not beused in the treatment of trivialinfections or where it 
IS not indicated. as in colds, influenza, infections of the throat: 
or as a prophylactic agent to prevent bacterial infection 


PRECAUTIONS 

1. Baseline blood studies should be followed by periodic 
blood studies approximately every two days during therapy 
The drug should be discontinued upon appearance of 
reticulocytopenia, leukopenia, thrombocytopenia, anemia. 
or any other blood study findings attributable to chloram- 
phenicol. Fowever, it should be noted that such studies donot 
exclude the possible later appearance of the irreversible type 
of bone mérrow depression 

2. Repeated courses of the drug should be avoided if at all 
possible Treatment should not be continued longer than 
required tc produce a cure with little or no risk of relapse of the 
disease 

3. Concurrent therapy with other drugs that may cause 
bone marrow depression should be avoided. 

4. Excessive blood levels may result from administration of 
the recommended dosage to patients with impaired liver or 
kidney functions, including that due to immature metabolic 
processes in the infant. The dosage should be adjusted 
accordingly or, preferably, the blood concentration should be 
determined at appropriate intervals 

5. There are no studies to establish the safety of this drug in 
pregnancy. 

6. Because chloramphenicol readily crosses the placental 
barrier, caution in use of the drug is particularly important 
during pregnancy at term or during labor because of potential 
toxic effects on the fetus (gray syndrome) 

7. Precaution should be used in therapy of premature and 
full-term infants to avoid gray syndrome toxicity (see AD- 
VERSE REACTIONS). Serum drug levels should be carefully 
followed Guring therapy of the newborn infant 

8. Precaution should be used in therapy during lactation 
because of the possibility of toxic effects onthe nursing infant 

9. The use of this antibiotic, as with other antibiotics, may 
result in an overgrowth of nonsusceptible organisms, includ- 
ing fungi. If infections caused by nonsusceptible organisms 
appear during therapy, appropriate measures should be 
taken 


ADVERSE REACTIONS 


1. Blood Dyscrasias 

The most serious adverse effect of chloramphenicol is bone 
marrow depression. Serious and fatal blood dyscrasias 
(aplastic anemia, hypoplastic anemia, thrombocytopenia, 
and granulocytopenia) are known to occur after the adminis- 
tration of chloramphenicol. An irreversible type of marrow 
depression leading to aplastic anemia with a high rate of 
mortality rs characterized by the appearance weeks or months 
after therapy of bone marrow aplasia or hypoplasia. Peripher- 
ally. pancytopenia is most often observed, but in a small 
number of cases only one or two of the three major cell types 
(erythrocytes. leukocytes, platelets) may be depressed. A 
reversible type of bone marrow depression. which is dose- 
related, may occur This type of marrow depression ts 
characterized by vacuolization of the erythroid cells, reduc- 
tion of reticulocytes, and leukopenia, and responds promptly 
to the withdrawal of chloramphenicol 

An exact determination of the risk of serious and fatal blood 
dyscrasias is not possible because of lack of accurate 
information regarding (1) the size of the population at risk. (2) 
the total number of drug-associated dyscrasias. and (3) the 
total number of non-drug-associated dyscrasias 

In a report to the California State Assembly by the California 
Medical Association and the State Department of Public 
Health in January 1967, the risk of fatal aplastic anemia was 
estimated at 1.24.200 to 1:40,500 based on two dosage 
levels 

There have been reports of aplastic anemia attributed to 
chloramphenicol which later terminated in leukemia 

Paroxysmal nocturnal hemoglobinuria has also been re- 
ported 
2. Gastrointestinal Reactions 

Nausea, vomiting, glossitis and stomatitis. diarrhea and 
enterocolitis may occur in low incidence. 
3. Neurotoxic Reactions 

Headache, mild depression, mental confusion, and delir- 
ium have been described in patients receiving chlorampheni- 
col. Optic and peripheral neuritis has been reported, usually 
following long-term therapy. If this occurs, the drug should be 
promptly withdrawn. 
4. Hypersensitivity Reactions 

Fever, macular and vesicular rashes, angioedema, urticar- 
la, and anaphylaxis may occur. Herxheimer reactions nave 


occurred during therapy for typhoid fever. 
5. "Gray Syndrome" 

Toxic reactions including fatalities have occurred in the 
premature and newborn: the signs and symptoms associated 
with these reactions have been referred to as the gray 
syndrome. One case of gray syndrome has been reported in 
an infant born to a mother having received chloramphenicol 
during labor. One case has been reported in a 3-month-old 
infant. The following summarizes the clinical and laboratory 
studies that have been made on these patients 

a) In most cases, therapy with chloramphenicol had been 
instituted within the first 48 hours of life 

b) Symptoms first appeared after three to four days of 
continued treatment with high doses of chlorampheni- 
Col 

c) The symptoms appeared in the following order 
(1) abdominal distention with or without emesis: 

(2) progressive pallid cyanosis: 

(3) vasomotor collapse, frequently accompanied by 
irregular respiration; 

(4) death within a few hoursof onsetof these symptoms 

d) The progression of symptoms from onset to exitus was 
accelerated with higher-dosage schedules. 

e) Preliminary blood serum level studies revealed un- 
usually high concentrations of chloramphenicol (over 90 
mcg/ml after repeated doses) 

f) Termination of therapy upon early evidence of the 
associated symptomatology frequently reversed the 
process with complete recovery. 


ADMINISTRATION 


Chloramphenicol, like other potent drugs, should be pre- 
scribed atrecommended dosages known tohave therapeutic 
activity. Administration of 50 mg/kg/day in divided doses will 
produce blood levels of the magnitude to which the majority of 
susceptible microorganisms will respond. 

As soon as feasible, an oral dosage form of chloram- 
phenicol should be substituted for the intravenous form 
because adequate blood levels are achieved with 
chloramphenicol by mouth. 

The following method of administration is recommended 

Intravenously as a 10?6 (100 mg/ml) solution to be injected 
over at least a one-minute interval. This is prepared by the 
addition of 10 ml of an aqueous diluent, such as water for 
injection or 5% dextrose injection 


DOSAGE 

Adults 

Adults should receive 50 mg/kg/day in divided doses at 
Six-hour intervals. In exceptional cases. patients with infec- 
tions due to moderately resistant organisms may require 
increased dosage up to 100 mg/kg/day to achieve blood 
levels inhibiting the pathogen, but these high dosages should 
be decreased as soon as possible. Adults with impairment of 
hepatic or renal functions or both may have reduced ability to 
metabolize and excrete the drug In instances of impaired 
metabolic processes, dosages should be adjusted accord- 
ingly. (See discussion under Newborn Infants.) Precise control 
of concentration of the drug in the blood should be carefully 
followed in patients with impaired metabolic processes by the 
available microtechniques (information available on request) 
Children 

Dosage of 50 mg/kg/day divided into four doses at six-hour 
intervals yields blood levels inthe range effective against most 
susceptible organisms. Severe infections (eg., bacteremia or 
meningitis), especially when adequate cerebrospinal fluid 
concentrations are desired, may require dosage up to 100 
mg/kg/day, however, it is recommended that dosage be 
reduced to 50 mg/kg/day as soon as possible. Children with 
Impaired liver or kidney functions may retain excessive 
amounts of the drug. 


Newborn Infants 
(See section titled Gray Syndrome under ADVERSE REAC- 
TIONS.) 

A total of 25 mg/kg/day in four equal doses at six-hour 
intervals usually produces and maintains concentrations in 
blood and tissues adequate to control most infections for 
which the drug is indicated. Increased dosage in these 
individuals, demanded by severe infections, should be given 
only to maintain the blood concentration within a therapeuti- 
cally effective range After the first two weeks of life, full-term 
infants ordinarily may receive up to a total of 50 mg/kg/day 
equally divided into four doses at six-hour intervals. These 
dosage recommendations are extremely important because 
blood concentration in all premature infants and full-term 
infants under 2 weeks of age differs from that of other infants 
This difference is due to variations in the maturity of the 
metabolic functions of the liver and the kidneys 

When these functions are immature (or seriously impaired in 
adults), high concentrations of the drug are found which tend 
to increase with succeeding doses 
Infants and Children with Immature Metabolic Processes 

In young infants and other children in whom immature 
metabolic functions are suspected, a dosage of 25 mg/kg/ 
day will usually produce therapeutic concentrations of the 
drug in the blood. In this group particularly, the concentration 
of the drug in the blood should be carefully followed by 
microtechniques. (Information available on request.) 


HOW SUPPLIED 
N 0071-4057-03 (Steri-Vial* No. 57) 
Chloromycetin (chloramphenicol) Sodium Succinate IS 
supplied as a dried powder in Steri-Vials (rubber 
diaphragm-capped vials). When reconstituted as directed, 
each vial contains a sterile solution equivalent to 100 mg of 
chloramphenicol per milliliter (1 g/10 ml) Available in 
packages of 10 vials 
Chloromycetin, brand of chloramphenicol, Reg US Pat Oft 
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EC | No pumps 
ES ! Allows continuous gravity-flow 
(< administration. 
Lightweight 


A Ambulatory patients can maneuver 
2 with more ease. 


a 2 Eliminates jerry-rigging 
E ^ A single component that's disposable. 
Saves time for the entire staff. 


\ it, Economical 
E. Just add Vivonex HN and a feeding tube. 


Simple flow regulation 





“The plastic bag administration set and a 
2 og — microdrip chamber permit accurate 
E administration during a wide range of rates. 
The elimination of the need for an infusion 
pump renders the technique less expensive 
and cumbersome. The patients may be fully 
ambulatory while receiving therapy ^! 





Special... 


—. because its 
a complete 
system. 


Easy-to-fill pouch 


Holds up to 1 liter of 
Vivonex HN; 100-ml 
calibrations add accuracy. 


Sturdy pouch 
access 


Can be opened and closed 
without weakening. 
Permits volume or 
concentration changes 
and addition of vitamins or 
medications. 


Unique drip 
meter 


Allows simple flow- 
rate monitoring. 
Microdrops/minute 
equate to ml/hr for 
desired flow rate 

(60 drops~1 ml; 60 
drops/min- 60 ml/hr). 





Screw clamp 


Finely threaded for 
precise adjustment. 


vem 


Male Luer 
Fits most small-caliber 
feeding tubes. 
—ÓÓ—— 1.44. ba 
d——MÁ— 

References: 1. Page CP, Ryan JA Jr, Haff RC: Continual catheter 

administration of an elemental diet. Surg Gynecol Obstet 142:184-188, 

1976. 2. Randall HT (ed): Nutrition and surgical patients. Contemp 


Surg 11(): 7-22, 1977. 3. Blackburn GL, Bistrian BR: Nutritional care 
of the injured and /or septic patient. Surg Clin North Am 56:1195-1224, 
1976. 


Special...because it 
delivers Vivonex’ HN. 


VIVONEX HN provides complete enteral nutrition 
with free amino acids. Being truly elemental, it 
requires minimal digestion and allows maximal 
absorption. The extremely low viscosity allows 
Vivonex HN to flow continuously, at any rate, 
without clogging. 


“Increasingly, these diets are used in patients 

with fistulas, inflammatory bowel disease, partial 
obstruction, and malabsorption—states for which 
total parenteral nutrition was once considered most 
appropriate. ”? 


VIVONEX HN—the only elemental high nitrogen 
diet—has “...a nitrogen to calorie ratio of 1:150— 
the best ratio for anabolism.”* By continuous 
administration of Vivonex HN via the Vivonex 
Delivery System, the same positive nitrogen 
balance, weight gain, and accelerated wound 
healing can be achieved as with parenteral 
hyperalimentation, but without the catheter-induced 
thrombophlebitis, sepsis, and patient discomfort. 


*Information on Vivonex HN usage and precautions accompanies the 


product and should be reviewed before use. 


Norwich-Eaton Pharmaceuticals 
Division of Morton-Norwich Products, Inc. 
Norwich, NY 13815 
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ll Compact...easy to store...all in a sealed, 
plastic container 


Bi Versatile...easily snaps onto the top of a 
magnesium citrate bottle...can be used with 
other saline cathartics or with castor oil 


With the Dulcolax Bowel Prep Kit plus mag- 


nesium citrate “...the reexamination rate of pa- 
tients because of poorly cleansed colons has 


fallen to approximately 1 percent of all barium 


enema studies." 
ll Economical...suggested retail price is less 


than most other kits 


1 Sorrentino A P et al. Am J Hosp Pharm 26:432-435, 1969. 
ll Convenient...for nursing staff or the out- 


“N 
| | alu. Boehringer Ingelheim Ltd. 
patient. Sold in a handy dispenser of 5. wu Ridgefield, CT 06877 
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PROXIMATE 


DISPOSABLE ‘“ SKIN SIAPLER 


Faster, easier approximation. 
Consistent, reliable skin coaptation. 


Faster approximation 
superior cosmetic results 


Excellent control, improved accuracy 

The PROXIMATE disposable skin stapler is a fast, simple closing 
device that can reduce operating time and provide excellent 
cosmetic results. This instrument is designed to fit your hand for 
comfortable, easy use. Smooth trigger action with less firing force 
and flexible work angle provide excellent control and accuracy. 
Minimal trauma, staples removed easily 

The PROXIMATE stapler forms virtually inert rectangular-shaped 
stainless steel staples. Wound edges are held together by the 
staple’s legs. Tissue reaction and trauma are minimal. Wider 


crowns keep the staples upright, minimizing rotation, easing EL 

removal. h | N 

Staple counts and sizes for all closing needs Y nd 

PROXIMATE products are available with regular and wide staples — i 


in counts of 15, 35, and 55 to meet closing needs for short, E o ett dag 
medium, and long incisions. _ td e Y 


Touch skin lightly using centerline 
indicator to ensure equidistant staple 
placement across the incision. 

Fire, release completely, and with- 
draw instrument with backward 
*Trademark ©ETHICON, INC. 1979 motion. 
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Innovators in wound closure 


PROXIMATE staplers have been 
proven 99% reliable in actual use.** 


aples placed accurately. oved quick y Extrac 
esigned for precise placement. atient. 


Ample space between staple crown Extractor designed for easy removal 
nd skin surface minimizes cross- of staples. Simply position jaws 
atching and eases staple extrac- beneath staple span, squeeze 

ion. Properly placed staples handles until fully closed, and lift 


rovide accurate apposition with staple. **Based on data on file at ETHICON, INC 
inimal tension. for PSR35 and PSW35 
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those of morphine. The analgesic effect 
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utes after oral administration, peaks at 
45 minutes and persists for 3 to 6 hours.' 
Acetaminophen, a non-narcotic analge- 
sic, complements the pain relief pro- 
vided by oxycodone. 
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Contraindications: Hypersensitivity to oxycodone or 
acetaminophen 


Warnings: Drug dependence. Oxycodone can pro- 
duce drug dependence of the morphine type and 
may be abused. Psychic dependence, physical 
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repeated administration, prescribe and administer 
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containing medications. Subject to the Federal Con- 
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pain 
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VMA Excretion in Patients with Pheochromocytoma 


JOHN R. FARNDON, B.Sc., M.B.B.S., F.R.C.S.,* HAZEL A. DAVIDSON, IVAN D. A. JOHNSTON, M.Cn., F.R.C.S., 


Studies in 20 patients, and a reanalysis of previously published 
data demonstrate that there is a significant linear relationship 
between the rate of urinary excretion of 3-methoxy-4-hy- 
droxymandelic acid and the size of a pheochromocytoma. This 
relationship is most significantly demonstrated in a small group 
of patients with bilateral adrenal disease as part of the MEN II 
syndrome. Since not all pheochromocytomas are accurately 
localized preoperatively and significant numbers can be bilat- 
eral or extra-adrenal, this predictive index of tumor size has 
useful surgical implications. An obvious discrepancy between a 
prediction of size and operative findings should alert the sur- 
geon to a more thorough search of the opposite adrenal and, in- 
deed, all extra-adrenal paraganglionic sites for other secret- 
ing tumor tissue. 


HE PRECISE MECHANISMS controlling catecholamine 
T production, metabolism and excretion in patients 
with pheochromocytomas remain unclear. In fact, 
Manger and Gifford’? state that "there is no good cor- 
relation between the size of a tumor or its catechol- 
amine concentration and clinical or laboratory manifes- 
tations." We have found, however, a positive and 
significant correlation between total tumor mass and 24 
hour urinary 3-methoxy-4-hydroxymandelic acid (vanil- 
mandelic acid, VMA) excretion in two groups of 
patients. Our observation is confirmed by analysis of 
case details in the series of Crout and Sjoerdsma 
reported in 1964.? 


Clinical Data and Methods 


The initial significant observation was made in a 
group of 13 patients from Newcastle upon Tyne who 
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had undergone surgery for pheochromocytoma be- 
tween 1955 and 1975 and who had had measurement of 
VMA and tumor mass. These 13 patients were from a 
total group of 20 who were reported earlier as part of a 
three center study of long-term results of treatment of 
pheochromocytoma.'? We undertook further statistical 
analysis of this group of eight males and 12 females in an 
attempt to correlate clinical observations with physical 
and biochemical characteristics of the tumor. Similar 
analyses were extended to: 1) a group of patients at 
Duke University Medical Center comprising 17 cases; 
eight with bilateral pheochromocytomas due to multi- 
ple endocrine neoplasia type II (MEN I1); ^!!! and 2) 
the group of carefully studied patients reported by 
Crout and Sjoerdsma in 1964.” 

In each patient, urinary VMA was measured by the 
method of Pisano, Crout and Abraham.'^ Tumor weight 
was the wet weight of the pheochromocytoma in grams, 
as received in the pathology department. Correlation 
coefficients were calculated by the method of least- 
squares. Logarithm transformation of the data was car- 
ried out because the variance in tumor weight increased 
with increasing VMA values. This allowed approxima- 
tion to a normal distribution and a more appropriate ap- 
plication of the correlation coefficient statistic. 

The 24 hour urinary excretion values for VMA in the 
group of patients reported by Crout and Sjoerdsma had 
been corrected to take account of an estimated produc- 
tion of VMA by the residual normal adrenal medulla. 
This correction factor was reversed in this group so that 
for every patient the VMA excretion represented the 
total amount of VMA excreted in the urine. 
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TABLE 1. Patient and Tumor Details — Newcastle upon Tyne Patients 


Se sammie is sen 





Urinary Metabolites Site of Urinary Metabolites 
Tumor Current Values 
Patient Age at Preop Preop R = Right Size of 
Number Surgery VMA Catecholamines L = Left Tumor VMA Catecholamines 
and Sex (years) mg/day i.g/ day E — Ectopic (grams) mg/day g/day 
1 F 37 — 2,000 L — 2.5 25.4 
2M 63 — 2,500 R — 4.6 21.7 
3F 46 — — R — 1.78 25.1 
4M 40 5] — R 112 1.65 83.2 
SF 27 1] — R — 2.9 39.8 
6F 43 26.9 2,500 R — d j 
TE 19 50.7 2,500 E — 2.92 40.6 
8F 49 61.8 760 L 190 ; * 
9M 46 40 700 R 22.5 Deceased 
10 F 25 76 — L. — 2.8 33.2 
11 M 25 105 2,987 R 380 5.12 1272 
12 F 50 80 450 R 440 '" : 
13 F 35 19.2 500 E 100 Lai 47.6 
14 F 36 17.2 943 b. 26.5 2.59 41.2 
15 M 40 9.4 720 E 47 3.38 122.6 
16 M 58 49 490 L 63 2.79 49 
17 F 48 14.9 — L 140 2.9] 33.2 
I8 M 53 37.3 — R 71 4.08 55.4 
19 M 54 Zi 873 L 140 2.59 67.7 
20 F 26 11.9 220 E 42.5 1.65 69.7 
Key: — = not available: * = patient alive, well and normotensive —urine not available for study. 
Results (r = 0.609, p = 0.01) (Fig. 1). There was no correlation 


Clinical details of the 20 patients from Newcastle 
upon Tyne are shown in Table 1. There was a signifi- 
cant correlation between the log. of the 24 hour urinary 
excretion of VMA and the log. of tumor mass in those 
patients in whom these parameters were documented 


3.0 
Newcastle Upon Tyne 


Patients 


Log. Tumor Mass ( grams) 


07 10 15 20 25 30 
Log.24 Hour Urinary VMA Excretion (mg/day) 


Fic. 1. Correlation between log. 24 hour urinary excretion of VMA 
and log. tumor. mass. (Newcastle upon Tyne patients, n — 13). 





between tumor mass and urinary excretion of catechol- 
amines, systolic or diastolic blood pressure (either par- 
oxysmal or sustained) or the degree of elevation of sus- 
tained or paroxysmal pressures above normal values. 
There was no significant correlation between the length 
of history and the tumor size of the excretion of urinary 
metabolites. Age at diagnosis did not correlate with any 
of these variables. 

All patients in this group (except one who died in the 
early postoperative period) were followed and current 
values of urinary excretion of VMA and catechol- 
amines were normal from two to 22 years after surgery. 
The values were 2.88 + 1.01 mg/day of VMA and 55.2 
+ 32.1 ug/day catecholamines; the upper limits of nor- 
mal for our laboratory being 8 mg and 150 ug respec- 
tively. 

The relationship between log. 24 urinary VMA excre- 
tion and log. tumor mass for Duke University patients is 
seen in Figure 2 (single gland disease) and Figure 3 
(double gland disease). The relationship is seen to be a 
positive linear correlation which is statistically signifi- 
cant in each case. If single and double gland disease 
data are pooled for these 17 patients the relationship is 
still demonstrated (r = 0.869 and p = <0.001). All pa- 
tients postoperatively had normal excretion of cate- 
cholamines and metabolites. 

In neither series reported here was a malignant pheo- 
chromocytoma encountered. The data given by Crout 
and Sjoerdsma include patients with single pheochro- 


Vol. 191 e No. 3 


“a Durham - Single Gland 


Patients 


Log Tumor Mass ( grams) 


07 10 1.5 2.0 25 30 
Log. 24 Hour Urinary VMA Excretion.(mg/day) 


Fic. 2. Correlation between log. 24 hour urinary excretion of 
VMA and log. tumor mass (Duke University patients, single 
gland disease, n — 9). 


mocytomas and four patients with extra-adrenal pheo- 
chromocytomas. The correlation is apparent and at- 
tains statistical significance in this group (Fig. 4). 


Discussion 


This report demonstrates a positive, significant linear 
relationship between the log. of the tumor mass and the 
log. of the daily urinary output of VMA in three differ- 
ent patients groups. This fact has important implica- 
tions in the surgical management of this disease and 
also in the understanding of the mechanism of secre- 
tion from these tumors. 

It can be seen that Figures 1—4 are similar; a given 
VMA does not give precisely the same tumor mass in 
each group. Differences are slight and can probably be 
accounted for by interlaboratory variation, day-to-day 
variation in VMA output and discrepancy between total 
tumor mass and functional or secretory tumor mass 
(e.g. some large pheochromocytomas may contain 
cysts or hemorrhagic foci). 

The experience of any one hospital or laboratory with 
this tumor is likely to be small because of its rare occur- 
rence.'* In this situation, pooling of data with no means 
of cross reference might be tolerable (accepting all its 
implicit criticisms) to enable a more meaningful conclu- 
sion to be drawn from the data. Figure 5 represents the 
relationship of all patients from the three sources. It can 
be seen that there has been some degradation of the cor- 
relation coefficient (r) with the increase in the number 


VMA EXCRETION AND PHEOCHROMOCYTOMA 





261 


3.0 Durham-Double Gland 
Potients 


Log. Tumor Mass ( grams) 





07 i0 5 2.0 2.5 5.0 
Log. 24 Hour Urinary VMA Excretion ( mg/day) 


Fic. 3. Correlation between log. 24 hour urinary excretion of VMA 
and log. tumor mass. (Duke University patients, double gland 
disease, n = 8). 


of data points (n). This allows greater confidence in the 
relationship, however, and allows it to be of predictive 
value.” Figure 6, therefore, represents the lower ninety- 
fifth percentile tolerance limit derived from the pooled 
data. The chances of a predicted tumor mass, from a 


3.0 ; ° 
Crout and Sjoerdsmas 


Patients 


Log. Tumor Mass ( grams ) 





07 10 15 2.0 2.5 30 
Log. 24 Hour Urinary VMA Excretion (mg/day) 


Fic. 4. Correlation between log. 24 hour urinary excretion of VMA 
and log. tumor mass. (Crout and Sjoerdsma's patients, n 
= 22). (Reprinted with permission from Crout and Sjoerdsma.”) 
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FIG. 5. Combined data from three centers with 52 patient observa- 
tions. Ninety-five percent tolerance limits are marked. 


particular VMA estimation, falling below this line could 
be accounted for by chance alone in only 5% of cases. 

Localization of pheochromocytomas may be achieved 
by one or a combination of several methods: palpa- 
tion, ultrasonography, a negative image in iodo- 
cholesterol scinitigraphy, plain abdominal x-rays, in- 
travenous urography with or without tomography, aor- 
tography, venography with or without blood sampling 
for catecholamine estimations and computerized axial 
tomographic scanning. Failure of localization can still 
occur.*? [n addition, it is well documented that pheo- 
chromocytomas can be single, bilateral, extra-adrenal 
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and any combination of these situations in any of the 
paraganglionic tissues.957!?!*!5 Any discrepancy, 
therefore, between the least preoperative predicted 
tumor size and that found at surgery should alert the 
surgeon to a thorough search for bilateral or additional 
extra-adrenal tissue. 

VMA is the major excreted metabolite of epinephrine 
(E) and norepinephrine (NE) in both normal subjects 
and those with pheochromocytomas.* Crout and 
Sjoerdsma? divided their group of 22 patients into two 
subgroups dependent upon the total tumor store of NE 
plus E; a low" group with a store less than 100 mg, and 
a "high" group with a store greater than 100 mg. The 
"low" subgroup usually had a small, metabolically ac- 
tive tumor and the "high" subgroup a larger, less active 
tumor. This characterization was not clear cut and the 
authors acknowledged that all patients could not be 
"neatly classified." Some of the variation might be ac- 
counted for by the observation that the ratio of plasma 
E to NE does not always reflect the ratio existent within 
the tumor and that secretion of one catecholamine can 
occur without release of the other. 

Winkler and Smith?!5 proposed that the synthesis of 
catecholamines in tumor cells was dissociated from their 
storage in chromaffin granules and that the rate determin- 
ing stage in their release was their synthesis. In addition. 
they suggested a secondary route might be lysosymal de- 
struction of the storage granules. Paroxysms were ex- 
plained by the fact that peripheral tissue and nerves 
developed increased levels of catecholamines and then 
increased sympathetic activity (e.g. due to stress) could 
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then result in release of larger than normal amounts of 
catecholamines from sympathetic nerves. This might 
be through a mediator such as tyramine.* 

Our findings could be compatible with this theory; 
the larger the tumor, the larger the theoretical mass of 
synthetic tissue. This does not preclude the intratumor 
degradation of catecholamines demonstrated by Crout 
and Sjoerdsma.? Only by further in vitro and in vivo 
studies can the exact mechanisms of catecholamine 
production, storage, release and metabolism be eluci- 
dated. 
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Acute Cholangitis 
JOHN H. BOEY,* LAWRENCE W. WAY 


The features of cholangitis were analyzed in 99 consecutive 
cases treated in the last ten years. The disease was severe and re- 
fractory in half the cases due to malignant stricture, and in 
20% of those due to gallstones. Benign strictures, sclerosing 
cholangitis, and most cases of choledocholithiasis were associ- 
ated with less severe cholangitis, which responded promptly to 
antibiotic therapy. High fever, a serum bilirubin level above 4 
mg/dl, and hypotension characterized the most severe refrac- 
tory cases in which emergency surgery was mandatory. Pa- 
tients without manifestations were nearly always controlled 
successfully with antibiotics. We conclude that the term ‘‘sup- 
purative cholangitis’ is an unsatisfactory synonym for severe 
cholangitis, because the correlation between biliary suppura- 
tion and clinical manifestations in cholangitis is inexact; some 
patients with severe sepsis do not have pus in the bile duct, and a 
few patients with suppurative bile are only moderately ill. 


cute cholangitis is a potentially life-threatening dis- 
A ease that results from concurrent biliary infection 
and obstruction. An attack of cholangitis may be fatal, 
or if the cause of the obstruction is left untreated, it may 
recur and lead to hepatic abscess formation or biliary 
cirrhosis.'’ The latter may produce hepatic failure or 
portal hypertension.'!? 

Discussions in the literature on cholangitis have 
concentrated on a subgroup of patients with acute sup- 
purative cholangitis (ASC), defined as biliary occlusion, 
pus within the duct, and systemic sepsis. ^^ 51429 [n 
this condition, immediate surgical intervention is 
imperative; failure to operate expeditiously is almost 
always lethal. Acute cholangitis spans a wide spectrum, 
however, in which the suppurative form is relatively un- 
common, and a more remediable, less severe infection 
comprises the majority of cases. As most of the latter 
cases also require operation, the timing of surgery is 
critical. To achieve a current perspective of acute chol- 
angitis and its surgical management, we analyzed our 
experience over ten years. 
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Patients and Methods 


From July 1966 to June 1976, 99 patients with acute 
cholangitis were treated at the University of California 
San Francisco Medical Center. Acute cholangitis was 
diagnosed when there was clinical evidence of infection 
(fever, chills, leucocytosis, abdominal pain or tender- 
ness) and biliary tract obstruction ( jaundice, elevated 
serum bilirubin and alkaline phosphatase), confirmed 
by radiological or operative findings. The cases were 
analyzed in terms of clinical presentation, diagnosis, 
findings, cause, treatment, and outcome. 


Clinical Data 


There were 59 females and 40 males in the study. 
Their ages ranged from 15 to 82 years with a mean of 
54.8 years. The peak incidence was in the sixth and 
seventh decades. 

Fever was present in all except six patients (6%) who 
had chills only; fever exceeded 38.5C in 77%. Eighty- 
seven patients had abdominal pain, which was localized 
to the right upper quadrant in 94% of cases. Twenty-one 
patients were not visibly jaundiced, yet all 21 had 
proven biliary obstruction, and 17 underwent surgery. 
Sixty-nine patients (70%) manifested Charcot's triad. 

Three-quarters of the 99 patients had undergone prior 
biliary surgery, and two-thirds had had earlier attacks 
suggestive of cholangitis. More than half had one or 
more of the following special risk factors: malignancy, 
advanced cardiorespiratory disorder, diabetes mel- 
litus, or corticosteroid usage. 

Physical findings were limited. Whereas 63 patients 
had abdominal tenderness, which was usually mild, 
peritoneal signs were present in only 14 patients. An en- 
larged gallbladder could be felt in only two cases, but 
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hepatomegaly was not uncommon. Hypotension oc- 
curred in 16 cases, and an altered mental state in 16 
others; Reynold's pentad'* (viz, Charcot's triad plus 
hypotension and depressed sensorium) was noted in 
five patients. 

An abnormal white blood count (WBC) was the most 
common laboratory finding, being present in 82% of the 
7] cases where this was measured; in one-quarter of 
these 71 cases there was only a marked left shift with a 
total WBC count under 10,000/ul. The serum bilirubin 
concentration was measured in 74 cases and was less 
than 2.0 mg/dl in 16; many of these low values were 
found in samples drawn shortly after the abrupt onset of 
symptoms. Fifty-five patients had a serum alkaline 
phosphatase level greater than twice normal. The 
serum transaminase concentration was raised in 42 pa- 
tients, but only half of the elevated values were more 
than twice normal (maximum value: 340 Karmen units 
per ml). All five patients with raised serum amylase 
levels had associated pancreatitis. Nineteen patients 
had a prolonged prothrombin time, but this was greater 
than one-and-one-half times control in only three cases. 

The oral cholecystogram was of little value in acute 
or subsiding cholangitis and showed gallstones in only 
two patients. A high serum bilirubin level precluded in- 
travenous cholangiography (IV C) in 47 cases, although 
it had been performed in another nine patients before 
the present attack of cholangitis had begun. Useful diag- 
nostic information was derived in 72% of the 43 patients 
who had an IVC for recent cholangitis. Percutaneous 
transhepatic cholangiography (PTC) was helpful in 7496 
of 19 cases, but the study itself precipitated acute 
cholangitis in two instances. The latter complication 
has been avoided since by using the Chiba needle 
technique,?!'?!? giving prophylactic antibiotics rou- 
tinely, and delaying PTC until cholangitis has been con- 
trolled with antibiotics. T-tube cholangiography was 
used in 12 patients who had previous common bile 
duct exploration. Endoscopic retrograde cholangiopan- 
creatography (ERCP) was available towards the end of 
the study period, and was most useful in cases of benign 
stricture and sclerosing cholangitis. 

Acute cholangitis was correctly diagnosed preopera- 
tively in 79 (80%) patients; the remainder were initially 
thought to have acute cholecystitis (1%), pancreatitis 
(4%), or other conditions (15%). 


Causes 


The causes of acute cholangitis in this series are listed 
in Table 1. Benign postoperative biliary strictures and 
common duct stones accounted for two-thirds of the 
cases. Primary pancreatic or bile duct neoplasms were 
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TABLE |. Timing of Operation for Acute Cholangitis 


Timing of Operation 











Emer- Elec- 

Cause No gency Urgent tive None 
Stricture 36 2(6) 11(31) . 20(56) 3(8) 
Stone 30 6(20) 13(43) 11(37) — 
Neoplasm 8 4(50) 2(25) — 2(25) 
X ray study ri 1(14) 3(43) 2(29) 1(14) 
CBD compression 6 2(33) 2(33) 1(17) 1(17) 
Plugged U-tube 6 — 1(17) = 5(83) 
Sclerosing cholangitis 5 — — 4(80) 1(20) 
Foreign body l — — 1(100) — 
Total 99 15 32 39 13 


Percentages given in parentheses. 


responsible in eight cases. Cholangitis developed in six 
patients with Klatskin tumors when U- or T-tubes 
became occluded. Six patients had extrinsic common 
duct compression by enlarged or metastatically- 
involved lymph nodes (four cases) or a pancreatic mass 
(two cases). Diagnostic studies to evaluate retained 
common duct stones or malignant jaundice precipitated 
cholangitis in the following seven cases: T-tube 
cholangiograms (three cases), liver biopsy (two cases), 
and PTC (two cases). Primary sclerosing cholangitis 
was responsible for multiple attacks of cholangitis in 
five patients. One patient acquired cholangitis after 
food debris occluded a choledochoduodenostomy 
which had been performed for cholèdocholithiasis. 


Microbiology 


Bile cultures were postive in 79 (92%) of 86 patients 
(Table 2). One hundred thirty-six organisms were iso- 
lated; 38 patients (48%) had two or more organisms 
cultured from their bile. Escherichia coli, the predomi- 
nant pathogen, was sensitive most often to chloram- 
phenicol (85%), kanamycin (80%), and cephalothin 
(72%). 

Thirty-six (44%) of 84 blood cultures were positive. 
E. coli, the most common species, accounted for 21 of 
the 36 positive blood cultures. Blood cultures were 
most apt to be positive in patients with fever higher than 
39 C (p < 0.0057), shock (p < 0.0057), WBC greater 
than 10,000 ul (p < 0.0257), and mental confusion 
(p < 0.051). Positive blood cultures were not more 
common in patients requiring emergency operations or 
those with ASC. 

The same organism was recovered from blood and 
bile in each of 25 patients. Four other patients receiving 


* One-tail Chi square test with Yate's Correction. 
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TABLE 2. Microbiology 
ee E ee eee 
Per Cent Sensitive to Various Antibiotics 





No No. Chloram- Kana- Cepha-  Ampi-  Genta-  Carbeni- Tetra- 

Organism Bile blood phenicol mycin lothin cillin mycin cillin cycline 
———————— —— P ———————  ——————————————————— —M—— I'M MMÜM GÀ ARMEN GEO 
E. coli 46 17 85 80 T2 67 61 52 50 
Klebsiella 28 3 71 75 79 4 39 21 64 
Pseudomonas 17 3 6 12 6 — 47 35 6 
Enterococci 14 0 
Proteus 8 0 50 75 38 50 38 25 38 
Miscellaneous 23 2 
Total 136 25 





* Aerobacter and S. aureus. 


preoperative antibiotics had organisms cultured from 
their bile that were resistant to the drug being given (es- 
pecially ampicillin). Seven patients had no bile cultures 
taken. 


Acute Suppurative and Nonsuppurative Cholangitis 


The 86 patients who underwent exploration were di- 
vided into two groups: nonsuppurative cholangitis , 
characterized by infected (nonpurulent) bile and incom- 
plete obstruction; and suppurative cholangitis , charac- 
terized by total or near-total occlusion with pus under 
pressure in the common duct. Most of the 13 patients 
treated nonoperatively Were thought to have nonsup- 
purative cholangitis since suppurative cholangitis is 
usually fatal without surgery, and the disease in these 
patients was uniformly mild. 


Nonsuppurative cholangitis was present in 72 oper- 
ated patients. Less than one-half of the 72 patients had 
fever greater than 39 C, and shock developed in 8% of 
them (Table 3). Benign strictures, sclerosing cholangi- 
tis, and extrinsic compression of the common duct were 
the principal causes. 

Fourteen patients (14%) had ASC. In general, their 
findings were more severe than those in patients with 
nonsuppurative cholangitis, consisting more often of 
high fever, a serum bilirubin level above 4 mg/dl, and 
shock (Table 3). Although the mean serum bilirubin 
level was higher in ASC (p < 0.02), there was consider- 
able overlap, especially with nonsuppurative cholangi- 
tis due to benign strictures. The WBC and serum alka- 
line phosphatase levels were not appreciably different 
in suppurative and nonsuppurative cholangitis. Malig- 
nant strictures tended to produce high grade biliary oc- 


TABLE 3. Comparison of Acute Suppurative and Nonsuppurative Cholangitis (86 Operated Cases) 





Type of Cholangitis 


Suppurative Non-suppurative 





No. (14 Cases) (72 Cases) 

Fever >39 C 42 86% 42% p < 0.027 
Positive blood culture 31 57% 32% NS 
Mean serum bilirubin (mg/dl) 67 11.7 7.0 p < 0.02 
Bilirubin >4 mg/dl 47 13/14 (93%) 34/53 (64%) p < 0.057 
Shock 14 57% 8% p < 0.01* 
Mental confusion 13 28% 12% 
Reynold’s pentad 4 79€ 4% 
Emergency operation 15 64% 8% p < 0.01 
Died 12 36% 10% p < 0.02 
Cause of biliary obstruction 

stricture | 32 

stone 6 24 

neoplasm 3 3 

x-ray study 2 4 

CBD compression l 4 

plugged U-tube l 

sclerosing cholangitis 


foreign body 


| 
— A | 





* [ncludes only operated cases. 
* Chi square test with Yate's correction (one-tail). 


t Student's t-test. 
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clusion and, consequently, suppurative disease. Com- 
mon bile duct stones usually produced nonsuppurative 
cholangitis, but six (20%) of 30 patients with stones 
developed ASC. ASC followed investigational studies 
in two patients with completely occluded common 
ducts: one of these patients had gallstones and the other 
had carcinoma of the pancreas. 


Management and Clinical Course 


Operations were classified as follows: 1) emergency: 
operation performed within 48 hours of an attack (15 
cases); 2) urgent: operation performed later than 48 
hours after admission during the same hospitalization 
as for an acute attack (32 cases): and 3) elective: opera- 
tion performed on a scheduled readmission after initial 
discharge (39 cases). Urgent operations were carried 
out a week or two after an attack, and elective opera- 
tions were scheduled within two months of the acute 
episode. 

Emergency biliary decompression was performed in 
15 cases. Nine of these patients had ASC, and the other 
six patients without purulent bile were operated on be- 
cause of increasing abdominal pain, rising fever, or hy- 
potension — findings that raised fears of ASC. The mor- 
tality was high (40%), but emergency decompression of 
the duct saved nine patients (60%). 

The remaining 84 patients were treated initially with 
nonoperative, supportive measures followed by diag- 
nostic studies. Cholangitis was controlled in 9976 of this 
group, and only one patient died. In this last patient 
cholangitis had developed after laparotomy for inoper- 
able bile duct carcinoma with extensive hepatic metas- 
tases. 

Although 83 patients responded to antibiotics, 72 of 
them ultimately required an operation to prevent recur- 
rent cholangitis. Thirteen of 32 urgent operations were 
in patients who failed to improve completely or whose 
condition deteriorated after a temporary response to 
antibiotics. Reoperation was necessary in only four pa- 
tients (5.676) treated by urgent or elective surgery; 
three (33%) of the nine patients who survived an emer- 
gency procedure required another operation. One pa- 
tient with a Klatskin tumor improved without surgery 
and was managed expectantly; ASC recurred later and 
he died after an emergency operation. 

Emergency surgery was needed most often for chol- 
angitis due to neoplasms (50%), external common duct 
compression (33%), and choledocholithiasis (20%) 
(Table 1). Patients with sclerosing cholangitis and 
benign strictures usually underwent a planned (urgent 
or elective) operation. Those with Klatskin tumors and 
occluded biliary tubes were frequently managed by 
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TABLE 4. Results of Treatment of Acute Cholangitis 
nnn 








Final Status 
Cause No. Well Not Well* Died? 

a gt ee ee 
Stricture 36 23(2)1 10(1) 3 
Stone 30 27 — 3 
Neoplasm 8 2(1) — 6(1) 
X-ray Study 7 6 ICD — 
CBD Compression 6 4 IC1) l 
Plugged U-tube 6 I(1) 2(2) 3(2) 
Sclerosing Cholangitis 5 3 2(1) — 
Foreign Body I l — -- 
Total 99 67 16 16 
Died of other disease 9 5 

* Not Well = recurrent attacks. 

t Died = died of cholangitis. 

ti( ) = no operation. 


tube irrigation and antibiotics; only one such patient 
was explored for persistent biliary sepsis. Cholangitis 
triggered by diagnostic studies prompted an earlier op- 
eration than originally planned in seven patients. 


Types of Operation 


The common duct was used in nearly all cases to es- 
tablish biliary drainage. Emergency procedures gen- 
erally consisted of T-tube insertion alone, which led to 
additional operations later in 33% of the surviving pa- 
tients. Choledochoenterostomies (usually as a Roux- 
en-Y choledochojejunostomy) and plastic repairs in a 
Heineke-Mikulicz manner were used for benign stric- 
tures. In all five operated patients with extrinsic duct 
compression, the gallbladder was used for drainage as 
either a cholecystostomy or cholecystoenterostomy. 
This tactic, which often fails in cholangitis caused by 
gallstone obstruction, was successful whenever the ob- 
struction was due to extrinsic constriction. 


Final Results 


After treatment, 67 patients had no further attacks of 
cholangitis. In all except four ofthese the treatment was 
surgical; the four who remained well without surgery 
had either single, minor attacks, or transient episodes 
related to a partially occluded U-tube. All patients with 
gallstones who survived surgery, and six of the seven 
with cholangitis due to investigational procedures were 
permanently cured (Table 4). Nine patients eventually 
died of malignant strictures. 

Sixteen patients had recurrent cholangitis, but these 
episodes were mild in eight (Table 4). Ten patients had 
benign common duct strictures: five are presently symp- 
tom-free, one underwent a satisfactory stricture repair, 
and further reoperation was deemed inadvisable in four 
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who had complicated recurrent strictures despite nu- 
merous reconstructions. Six late deaths occurred among 
the 16 patients with recurrent cholangitis; three were 
due to neoplasms and three were from complications of 
secondary biliary cirrhosis. 

Secondary biliary cirrhosis developed in 12 patients 
and produced complications (coma or variceal bleed- 
ing) in seven. This condition was most prone to arise 
from smoldering cholangitis due to benign strictures, 
sclerosing cholangitis, or persistent extrinsic compres- 
sion of the common duct. 

Acute cholangitis was fatal in 16 patients. The mor- 
tality was 40% for emergency operations, 16% for ur- 
gent operations, and 346 for elective operations. Obvi- 
ously, this reflected the greater severity of the disease 
in patients who required emergency surgery, most 
(60%) of whom had ASC. Six (38%) of the 16 patients 
with shock died. Unresectable tumors were present in 
three patients who were allowed to die from cholangitis 
without further surgical therapy. Of 13 patients who 
succumbed despite operation, ten died from over- 
whelming sepsis and hepatic failure: diffuse hepatic 
microabscesses or inaccessible intrahepatic ductal oc- 
clusion precluded adequate drainage in these cases. 
Three patients had miscellaneous cardiopulmonary 
deaths. 

Acute cholangitis superimposed on malignant ob- 
struction accounted for 11 of the 16 deaths. Three- 
quarters of patients with neoplasms, and two-thirds of 
those with Klatskin tumors and blocked U-tubes died 
of cholangitis. 

Mortality was higher (35%) for a first attack of chol- 
angitis than for recurrent attacks (6%). Thirty-six per 
cent of those without previous biliary surgery died of 
cholangitis compared with 10% of those who had had 
prior operations. This reflected the propensity of ASC 
to develop as the first manifestation of biliary disease in 
patients with malignant obstruction or choledocholithi- 
asis. By contrast, patients with benign strictures or 
sclerosing cholangitis tended to have repeated episodes 
of nonsuppurative cholangitis before more severe dis- 
ease appeared. 


Discussion 


Appropriate management of patients with cholangitis 
depends on accurate diagnosis and recognition of the 
significance of the various clinical manifestations. In 
this respect, it is important to appreciate how often 
Charcot’s triad is incomplete in this condition.?:!9:15:16:20 
In our patients, for example, 20% had fever below 
38.5 C, 20% had no visible jaundice, and only 7076 had 
the complete triad. Thus, a diagnosis of cholangitis 
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should be considered whenever there are signs of 
infection and biliary tract obstruction, especially when 
accompanied by a history of previous biliary surgery or 
symptoms compatible with biliary disease. The correct 
diagnosis was made preoperatively in 80% of our cases. 

Often considered distinct disease entities, suppura- 
tive and nonsuppurative cholangitis are classically dif- 
ferentiated on the basis of whether there is pus within 
the duct. Obstructive suppurative cholangitis is further 
defined to include complete ductal obstruction, shock, 
and mental confusion. ?75:19:11152? Tn our opinion, 
however, these terms, which are generally used to refer 
to the clinical syndromes, are imprecise and unsatis- 
factory. The diagnosis of suppurative cholangitis can- 
not be made reliably from clinical and laboratory find- 
ings, and septic deterioration is fairly common in what 
is eventually found to be nonsuppurative disease. The 
data in Table 3 support this view. For example, fever 
and chills merely reflect a state of bacteremia, and 
blood cultures in patients with cholangitis, be it sup- 
purative or nonsuppurative, are often postive if drawn 
at the right moment. Hypotension and mental confu- 
sion certainly may result from bacteremia with pus in 
the duct, but they may also occur in elderly patients 
with septicemia unaccompanied by frank biliary sup- 
puration. 

Thus, the correlation between severity of clinical 
signs, the gross appearance of the bile, and extent of 
ductal obstruction is only a loose one. The degree of 
clinical toxicity represents a balance between, on the 
one hand, the virulence of the bacterial species, com- 
pleteness of obstruction, and degree of purulent trans- 
formation of bile; and, on the other, host resistance, 
which is affected by the patient's age, state of nutrition, 
cardiopulmonary status, concomitant diabetes mel- 
litus, corticosteroid usage, etc. 

Acute cholangitis is best thought of as comprising a 
continuous spectrum in which about 1546 of patients, 
those with severe cholangitis, fail to respond promptly to 
antibiotic and fluid therapy, and in whom delay of surgi- 
cal drainage risks a fatal outcome. Many such patients 
with refractory cholangitis do have complete occlusion 
of, or pus within the duct. Nevertheless, there are other 
patients who demonstrate a comparable measure of 
toxic symptoms, and who are no less critically ill, but 
instead have nonsuppurative disease. We feel that undue 
emphasis should not be placed on the gross biliary find- 
ings in cholangitis, and that the severity of acute chol- 
angitis should be judged more on clinical than patho- 
logical features. Consequently, the term *"'suppurative 
cholangitis" has limited clinical usefulness and may 
even be misleading when used as a synonym for toxic 
refractory cholangitis. 
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The timing of surgery for acute cholangitis requires 
keen judgment. In general, the clinical severity of an at- 
tack determines the urgency of operation. Hypoten- 
sion, mental confusion, and lack of rapid response to 
antibiotics (as seen in 13 of our patients) should always 
call for emergency biliary exploration. In the desper- 
ately ill, T-tube insertion alone may be life-saving.?" A 
high (40%) operative mortality may be anticipated after 
emergency operations since many of these patients 
have irreversible disease. The alternative — nonopera- 
tive therapy —is nearly always fatal. ^*^ 

Most patients with acute cholangitis have a milder ill- 
ness which can be managed according to an orderly reg- 
imen. This group includes nearly all patients with 
benign stricture and sclerosing cholangitis, as well as 
80% of those with calculous disease. The obstruction in 
these cases is partial and transient, producing minor at- 
tacks that respond well to antibiotics.'! 9 A period of 
nonoperative treatment allows fluid and electrolyte bal- 
ance to be restored, cultures to be obtained, specific 
antibiotics to be administered, and the biliary tree to be 
radiologically surveyed. 

When positive (about 44% of cases**:!*), blood cul- 
tures usually yield a single pathogen, which is the same 
organism as that in the bile.'® Since gram-negative bac- 
teria predominate in bile,*!9* we start antibiotic treat- 
ment with an aminoglycoside and penicillin (Table 2) 
and then modify the regimen according to sensitivity re- 
ports. Of the available imaging studies, biliary ultraso- 
nography gives the highest yield of useful information 
early in the attack.5!*:!? Later, the patient can be further 
studied by computerized axial tomography, Chiba 
needle PTC, or ERCP;??:!?:? as indicated. 

Conservative management is nearly always effective 
in controlling mild cholangitis.'° Then, after the infec- 
tion has subsided, a definitive operation can be per- 
formed electively when the patient is stable and addi- 
tional diagnostic studies have been obtained. The sur- 
gical objective is to remove or bypass the obstruction, 
and establish free drainage between the duct and the 
gut. Others have pointed out that drainage of the gall- 
bladder (by cholecystostomy or cholecystenterostomy) 
is an unreliable way to decompress the common duct;”- 
8.10.16 this approach fails in about one-third of cases, and 
the persistent cholangitis may be lethal. We found, 
however, that this technique was uniformly successful 
when the common duct was blocked by external com- 
pression and the cystic duct was patent." 

Extrinsic compression of the duct by a pancreatic 
tumor or metastatically-involved lymph node is not a 
widely recognized cause of acute cholangitis. Despite 
the underlying malignancy, biliary decompression 
should not be withheld because four of our six cases 
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subsequently remained free of cholangitis. On the other 
hand, relapsing nonsuppurative cholangitis developed 
in most patients with sclerosing cholangitis, as well as 
in one-third of those with benign strictures. Fortu- 
nately, these were mild episodes that were readily con- 
trolled by antibiotics and seldom required hospitaliza- 
tion. 

Cholangitis due to a malignant stricture is encoun- 
tered more frequently at present. While bile in neoplas- 
tic obstruction of the bile duct is usually sterile,* posi- 
tive bile cultures may occur in up to 36% of such pa- 
tients.’ Infection superimposed on high grade biliary 
occlusion, as occurs in malignancy, is a dangerous com- 
bination;? half of our cases of cholangitis associated 
with malignant stricture had severe attacks with frank 
suppuration. The outlook in these cases is poor, and 
death usually results from hepatic failure and intrac- 
table biliary sepsis. Decompression U-tubes affords 
only inconstant relief because the tubes often become 
blocked, and they rarely allow all segments of the bili- 
ary tree to drain freely. This experience has led us re- 
cently to resect most biliary tumors that we previously 
would have treated with U-tubes. 

The reported mortality for suppurative cholangitis 
ranges from 13 to 8896,' 7:19! ! while that for cholangitis 
of all degrees of severity has varied from 14 to 2296.!»:19 
Sixteen of our 99 patients died because of cholangitis, 
including 35% of those having a first attack. Seventeen 
patients had recurrent bouts, and 12 developed portal 
hypertension and variceal bleeding from secondary bili- 
ary cirrhosis. Thus, it would be illusory to view chol- 
angitis as a self-limiting condition. Early diagnosis and 
surgical therapy is essential for maximal patient salvage 
and prevention of severe complications. 


Summary 


Ninety-nine cases of acute cholangitis were ana- 
lyzed. Severe refractory cholangitis developed in half of 
cases due to malignant stricture and in 20% of those due 
to gallstones. We prefer to avoid the term "'suppurative 
cholangitis" because it does not represent a distinct 
clinical entity, the correlation between suppuration and 
severe disease is inexact, and surgical management 
must be based on clinical, not pathologic, findings. 
Benign strictures, sclerosing cholangitis, and 80% of 
cases of choledocholithiasis were associated with less 
severe cholangitis which responded to antibiotic ther- 
apy. High fever ( >39 C), serum bilirubin level above 4 
mg/dl, and hypotension characterized the most toxic 
group of patients for whom rapid resuscitation and 
emergency surgery was mandatory. By contrast, ini- 
tial nonoperative management with antibiotics was suc- 


270 


cessful in 99% of mild episodes. The latter approach al- 
lows the performance of bacteriological and radiologi- 
cal studies and then a safer, often definitive, planned 
operation. Recurrent cholangitis is related to unre- 
lieved obstruction and is most ominous in cases of ma- 
lignant occlusion. 
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The Incidence and Causes of Death Following Surgery 
for Nonmalignant Biliary Tract Disease 


In the 46-year period from September 1, 1932 to September 
1, 1978, 11,808 patients were operated on for nonmalignant 
biliary tract disease. In 80.1% of these patients, the disease 
was considered chronic, and in 19.9%, acute inflammation 
was superimposed on the existing condition. There were 207 
postoperative deaths, a mortality rate of 1.7%. Advanced age, 
acute cholecystitis and common duct stones were the principal 
determinants of operative mortality. Cholecystectomy for 
chronic cholecystitis was performed in 7,413 patients with an 
operative mortality of 0.5%. Choledochotomy in search of 
residual or recurrent common duct calculi was performed in 
341 patients with a mortality of 2.1%. Detailed analysis of 
the causes of death in 105 patients who died during the years 
1962 through 1978 revealed that cardiovascular disease, 
especially myocardial infarction, was the most frequent cause 
of death. Liver disease, most commonly cirrhosis, was also 
a major factor in operative mortality. 


N THE EVE OF the centennial anniversary of the 
first cholecystectomy, it is appropriate to record 

the successes as well as the failures of the surgical treat- 
ment of biliary tract disease. The wide acceptance of 
surgical therapy for these conditions is the result of 
many factors including the availability of accurate 
methods of diagnosis, the safety and ease with which 
operations are accomplished and the satisfactory relief 
of symptoms and interruption of the pathologic proc- 
esses involved. Until recently, surgery provided the only 
effective therapy for calculous disease of the biliary 
tract. The successful dissolution of gallbladder calculi 
with chenodeoxycholic and ursodeoxycholic acid and 
the endoscopic approach to the common bile duct through 
the ampulla of Vater require that the safety and efficacy 
of these new nonsurgical modalities be compared to a 
standard of achievement using an operative approach. 
Our interest in the safety and efficacy of biliary tract 
disease dates back several decades. In 1934, Heuer? 
reviewed 21 reports from European and American 
hospitals recording the mortality of 36,623 cases 
operated on prior to 1932. There were 2,453 deaths, 
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a mortality rate of 6.6%. The most frequent causes 
of death were far-advanced biliary tract disease and 
liver insufficiency, errors in surgical management and 
pulmonary complications usually related to anesthesia. 
In 1952, Glenn and Hays! reported on 63 fatalities fol- 
lowing operations for nonmalignant biliary tract disease 
on 3,439 patients at The New York Hospital- Cornell 
Medical Center from 1932 through 1950. This number 
of deaths represented a mortality rate of 1.8%. Thus 
there was a significant improvement in the safety of 
biliary tract surgery during this 18-year period. In ad- 
dition, the proportion of deaths due to advanced 
biliary tract disease decreased, and deaths due to 
degenerative diseases increased. In 1963, Glenn and 
McSherry? reported an additional 2,358 patients with 
39 postoperative deaths (a mortality rate of 1.6%) 
treated from 1950 through 1962. Analysis of these 
deaths indicated that a greater proportion of patients 
65 years of age and older were operated on than in pre- 
vious decades, and this fact was largely responsible 
for the predominant role of cardiovascular disease as a 
cause of death following biliary tract surgery. This 
present report will update our experience from 
September 1, 1962, through August 31, 1978, and sum- 
marize the experience for the years 1932 through 1978. 


Clinical Material 


From September 1, 1932, through August 31, 1978, 
there were 11,808 patients operated on at The New 
York Hospital- Cornell Medical Center for non- 
malignant disease of the biliary tract. There were 207 
postoperative deaths, a mortality rate of 1.796. Opera- 
tive mortality correlated with age. There were 5,367 
patients under 50 years of age and 19 (0.3%) post- 
operative deaths; 4,007 patients aged 50—64 years and 
67 (1.6%) deaths; and 2,434 patients 65 years and older 
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TABLE I. The Mortality Rates Attendant on the Operative 
Procedures for Chronic Disease of the Biliary Tract 
ee ey eee 








Mortality 
No. No. Rate 
Cases Deaths (Per Cent) 
Cholecystectomy 7413 35 0.5 
Cholecystostomy 92 7 7.6 
Choledochotomy plus 
cholecystectomy or 
cholecystostomy 1378 48 3.9 
Choledochotomy alone 341 7 2.4 
Procedures for strictures and 
miscellaneous conditions 237 20 8.4 
Total operations 9461 117 I3 





with 121 (4.9%) deaths. The operative procedures per- 
formed during this 46-year period included cholecystec- 
tomy, 9,056; cholecystostomy, 432; choledochotomy, 
as an independent operation or in conjunction with a 
gallbladder procedure, 2,083; operations for the treat- 
ment of strictures, 132; and miscellaneous procedures 
for benign conditions of the choledochus, 105. 

Of the 11,808 patients, 9,461 (80.1%) were operated 
on for chronic (nonacute) disease of the biliary tract. 
The operations performed and the mortality rates asso- 
ciated with them are depicted in Table 1. The overall 
operative mortality for chronic disease was 1.2%. In- 
cluded in this group were 7,505 patients operated on 
for chronic cholecystitis. Table 2 lists the mortality 
rates associated with cholecystectomy (0.5%) and 
cholecystostomy (8%) by age and also details the 
incidence of calculi in this group of patients. Common 
duct exploration in addition to cholecystectomy was 
performed in 1,368 patients with 44 (3.2%) deaths 
(Table 3). 

There were 2,347 patients (19.9%) in this group of 
11,808 operated on for acute cholecystitis and 90 


TABLE 2. The Operative Mortality for Chronic Cholecystitis in 
Relation to the Surgical Procedure Performed, Ave 
and the Presence or Absence of Calculi 





Number of Cases/Deaths 





No 
Stones Stones Total 

Cholecystectomy 

50 years or older 3409/26 201/5 3610/31 

under 50 years 3596/3 207/1 3803/4 

subtotal 7413/35 (0.5%) 
Cholecystostomy 

50 years or older 77/5 6/1 83/6 

under 50 years 6/1 3/— 9/1 

subtotal 92/7 (8.0%) 
Total 7505/42 (0.6%) 
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TABLE 3. Common Duct Exploration Performed in Conjunction 
with Cholecystectomy in 1368 Patients with 
Chronic Cholecystitis 
ee 
Number of Cases/Deaths 








Stones No Stones 
Recovered Recovered Total 
50 years or older 580/29 330/11 910/40 
Under 50 years 237/3 221/1 458/4 


Total 1368/44 (3.2%) 





postoperative deaths, a mortality rate of 3.8%. With 
respect to age, there were 63 fatalities among 643 pa- 
tients 65 years and older, a mortality rate of 9.7%. 
Of the 1,704 patients less than 65 years, there were 
27 deaths, a rate of 1.676. Table 4 depicts the mortality 
rates for cholecystectomy and cholecystostomy in 
1,983 patients with acute cholecystitis in relation to 
age and the presence or absence of calculi. The opera- 
tive mortality for cholecystectomy was 1.3% and for 
cholecystostomy, 10.6%. In addition, 351 patients 
underwent common duct exploration in addition to 
cholecystectomy, and there were 27 postoperative 
fatalities (7.7%). Thirteen patients had common duct 
exploration plus cholecystostomy, and there were 
five postoperative deaths (38.5%). The causes of death 
for the 207 fatalities in this group of 11,808 patients 
operated on from 1932 through 1978 are shown in 
Figure 1. Cardiovascular disease, most commonly 
myocardial infarction, was the leading cause of death. 
Disease of the liver and biliary tract, principally 
cirrhosis, was the next most frequent cause of death. 
The major cause of extrahepatic but intra-abdominal 
fatal complications was pancreatitis. 

The etiologic factors of importance in 102 of the 
207 deaths that occurred during the years 1932 through 


TABLE 4. Mortality Rates for the Surgical Treatment 
of Acute Cholecystitis* 


Number of Cases/Deaths 


No 
Stones Stones Total 

Cholecystectomy 

50 years or older 832/17 46/2 878/19 

under 50 years 723/2 42/1 765/3 

subtotal 1643/22 (1.3%) 
Cholecystostomy 

50 years or older 224/25 57/9 281/34 

under 50 years 47/1 12/1 59/2 

subtotal 340/36 (10.6%) 
Total 1983/58 (2.9%) 


* The overall mortality for this group of patients was 2.9%. 
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Fic. 1. The causes of death in 207 patients operated on for non- 
malignant biliary tract disease during the years 1932-1978. Cardio- 
vascular disease was the most frequent cause of death. 


1962 have been reported in previous communica- 
tions.'? This report describes the causes of death in 
the 105 patients who died after 1962. There were 54 
males and 51 females whose age ranged from 44 to 
90 years. Insulin-dependent diabetes was a coexistent 
condition in 13 patients. In 10 patients, biliary tract 
disease and its clinical manifestations were a compli- 
cation of another operative procedure, and in four 
additional patients, the biliary tract operation was 
performed incidental to other intra-abdominal pro- 
cedures. 

The indications for operation are listed in Table 5. 
Acute cholecystitis and its sequelae were present in 
slightly more than one-half (53.396) ofthe postoperative 
deaths. Determination of the cause of death was based 
on both clinical and postmortem findings. Autopsy 


TABLE 5. The Indications for Operation in 105 Fatalities following 
Biliary Tract Surgery During the Years 1962-1978 





Acute cholecystitis 39 
calculous 27 
acalculous 12 

Acute cholecystitis and choledocholithiasis 18 

Chronic cholecystitis 23 
calculous 22 
acalculous l 

Chronic cholecystitis and choledocholithiasis 13 

Common duct stricture 


8 
Cystic duct remnant and choledocholithiasis 3 
Choledochotomy (secondary) | 


Total 105 
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Fic. 2. Etiologic factors of significance in the death of 105 patients 
operated on for nonmalignant biliary tract disease from 1962— 1978. 


was performed in 55 of the 105 patients (52.4%). 
Figure 2 depicts the causes of death in these patients. 
Cardiovascular disease and disorders of the liver and 
biliary tract were the most frequent causes of death. 
The specific lesions identified in the 33 patients who 
died from cardiovascular disease are listed in Table 6. 
The 14 patients who died from coronary occlusion 
ranged in age from 57 to 81 years. Severe coronary 
artery disease evidenced by angina or recent myo- 
cardial infarction was present in eight of the 14 pa- 
tients, three of which were diabetic. Six of the seven 
patients who succumbed to cerebrovascular lesions 
were over 70 years of age, and one was diabetic. 
There were 31 deaths classified as hepatobiliary in 
etiology (Table 7) of which 18 were caused by 
cirrhosis. The cause of the cirrhosis in eight of these 
patients was presumed to be due to biliary tract ob- 


TABLE 6. The Cardiovascular Causes of Death in 33 Patients* 





Cardiovascular 
Coronary occlusion 
Cerebrovascular lesion 
Pulmonary embolus 
Congestive heart failure 
Mesenteric artery occlusion 
Postop cardiopulmonary bypass for mitral valve 
replacement (1) and repair of ventricular septal defect (1) 
Ruptured thoracic aortic aneurysm 


—- 


NNNNA 


ive) 
2-0 


Total 





* Coronary occlusion was the most frequent lesion diagnosed in 
this group. 
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TABLE 7. The Hepatobiliary Causes of Death Following Biliary 
Tract Surgery in 31 Patients Operated On During the 
Years 1962 Through 1978 
——————————————— 
Number of Patients 

—————————ÉÉÓSE DM as 
Hepatic 

cirrhosis l 

retained common duct stones 

hepatic abscess 

common duct injury 

hepatitis 

dissecting aneurysm hepatic artery 

hepatoma 

carcinoma bile duct 


—— — — hJ 5 4 o0 


Total 


ta 
mad 





struction. In six patients, alcoholism was implicated, 
and one patient had a history of hepatitis in the past. 
In the remaining three patients, the cause of cirrhosis 
was not identified. Retained common duct stones in 
four patients and injury to the common duct in two 
others initiated a sequence of additional complications 
which eventually resulted in death to these individuals. 

Infection was the proximate cause of death in 20 
patients. Cholangitis, an important clinical feature of 
their disease in many patients with a fatal outcome 
following biliary tract surgery, was the immediate 
cause of death in 12 patients. In two of these patients, 
the cholangitis was suppurative, i.e., the contents of 
the common duct were frankly purulent, and in five 
additional patients, blood cultures yielded gram nega- 
tive bacteria, most frequently Escherichia coli. There 
were three deaths due to subhepatic abscesses and 
one each from pseudomembranous enterocolitis, retro- 
peritoneal abscess, gangrene of the abdominal wall, 
burn sepsis and wound infection. This last patient with 
a wound infection had Proteus vulgaris septicemia. 

Other intra-abdominal but extrahepatic causes of 
death included pancreatitis in seven patients and 
gastrointestinal bleeding in four. Pancreatitis was 
associated with acute cholecystitis in six patients, four 
of whom also had choledocholithiasis. One patient 
was operated on because of a cystic duct remnant and 
common duct stones from which developed pan- 
creatitis postoperatively. The causes of gastrointes- 
tinal bleeding were stress ulcers and hemorrhagic 
gastritis in three patients and reflux esophagitis in one 
patient. 

Three patients died of associated chronic renal 
failure and three from pneumonia. Two of these pul- 
monary deaths were due to aspiration. There was one 
death each from myelogenous leukemia, multiple 
myeloma, wound dehiscence and endoscopic per- 
foration of the esophagus performed to evaluate the 
cause of upper gastrointestinal bleeding. 
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Discussion 


The advances in medicine which contributed most 
to reduced operative mortality and increased safety of 
biliary tract surgery occurred from 1930 to 1950 as 
evidenced by the decline in operative mortality from 
6.6% to 1.8%. Since 1950, operative mortality rates 
have been stable, but this fact belies the importance 
of additional measures to improve operative safety and 
must be interpreted with an awareness of the increasing 
proportion of patients age 65 years and older who re- 
quire biliary tract surgery. In the 1930's, the proportion 
of patients 65 vears and older operated on for acute 
cholecystitis was 5.3% whereas in the 1970's, this 
increased to 39.8%. 

The introduction of bile acid therapy to achieve the 
chemical dissolution of cholesterol gallstones poses 
important questions concerning the potential impact 
of this therapy on the mortality and morbidity of 
biliary tract disease. Current observations by Thistle? 
suggest that chenodeoxycholic acid is effective in 
dissolving gallstones in approximately one-half of 
patients. Unpublished preliminary data from the 
National Cooperative Gallstone Study Group indicate 
a "drop-out rate" of about 25%, i.e. patients who fail 
to complete the course of bile acid therapy most often 
as a result of persistent or increasing biliary symptoms 
or disinterest in continuing daily medication. Recur- 
rence of gallstones following the cessation of success- 
ful bile acid therapy is estimated at 25-30%. It seems 
unlikely therefore to expect a reduction in mortality 
rates associated with biliary tract surgery, especially 
cholecystectomy, as a result of the introduction of 
chemical dissolution. Indeed the converse may occur; 
mortality rates might increase because of the delay in 
surgical therapy. The incidence of acute cholecystitis 
and choledocholithiasis increases with the duration of 
gallbladder calculi and these conditions increase the 
operative mortality of cholecystectomy. 

The operative mortality for cholecystectomy in pa- 
tients with chronic cholecystitis less than 50 years of 
age is approximately one per 1,000 patients. Further 
reduction of operative mortality rates in this group 
of patients must await new developments in anesthetic 
techniques. In contrast, patients 50 years and older 
have an operative mortality of slightly less than one 
per 100 patients. Death in this group of patients is most 
commonly the result of associated cardiovascular 
disease, often not detected by preoperative studies 
performed to assess operative risk. 

Cholecystectomy performed for acute cholecystitis 
is associated with a higher operative mortality rate 
than for chronic cholecystitis for all patients, both 
young and old. The impact, however, is more signifi- 
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cant in patients 50 years and older. Similarly patients 
that required choledocholithotomy also had an in- 
creased operative mortality rate that is age related. 
Common duct calculi appear to adversely affect the 
operative mortality rate of cholecystectomy to a 
degree greater than acute cholecystitis. The com- 
parative mortality rates of cholecystectomy  per- 
formed for chronic cholecystitis versus acute cholecys- 
titis or performed in conjunction with choledocho- 
lithotomy provide a major consideration for those 
physicians whose counsel is sought by patients with 
asymptomatic gallstones. 

Choledochotomy was performed as an independent 
procedure in search of residual or recurrent calculi 
in 341 patients with seven postoperative deaths—an 
operative mortality rate of 2.1%. This group included 
50 patients with cholangitis and 22 with pancreatitis. 
In this group of 72 patients, there were three deaths. 
If patients with pancreatitis and cholangitis are ex- 
cluded, the mortality rate for secondary choledocho- 
tomy would have been 1.2%. The importance of this 
figure is that it permits an accurate comparison of the 
risks of surgery and endoscopic papillotomy performed 
for the removal of residual common duct stones or 
stenosis of the papilla of Vater. The endoscopists, 
e.g. Safrany,' are in agreement that pancreatitis and 
cholangitis preclude the safe performance of papil- 
lotomy, and with these exclusions, their mortality 
rate is 1-2% and morbidity, 6—8%. The causes of death 
following endoscopic papillotomy are hemorrhage. 
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cholangitis and pancreatitis. Our conclusions are that 
the mortality rates of secondary choledochotomy and 
endoscopic papillotomy are comparable and that the 
eventual role of the latter procedure will be determined 
by its efficacy and long-term results. Its acceptance 
on the basis of less mortality and morbidity in com- 
parison to surgical therapy is unjustified. 

The data presented clearly identify the aged patients 
as the group at greatest risk of fatal complications 
following biliary tract surgery. The incidence of acute 
cholecystitis and choledocholithiasis increases with the 
duration of gallstone disease and age. The need for 
more extensive operations and the higher incidence 
of associated cardiovascular disease are responsible 
for the relatively increased risk of operation in this 
group of patients. Accurate preoperative assessment 
of risk which permits elective as opposed to urgent 
or emergent operation can result in diminished mor- 
tality and morbidity. 
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Antral Gastrin Cell Hyperplasia in Patients 


with Peptic Ulcer 


F. KEUPPENS, M.D., G. WILLEMS, M.D., J. DE GRAEF, M.D., M.C. WOUSSEN-COLLE, PH.D. 


The total number of gastrin (G) cells in the stomach was deter- 
mined by using a histologic counting method and planimetry 
in ulcerous and nonulcerous patients. The preoperative basal 
and postprandial serum gastrin values and the gastrin cell 
mass in the gastrectomy specimen could be compared in 16 
surgical patients. There was a significant correlation between 
the integrated gastrin response to feeding and the total 
gastrin cell number in the stomach. No correlation was found 
between the basal serum gastrin level and the total gastrin 
cell count. A total gastrin cell number higher than 50 million 
was found in the stomach of three duodenal ulcer patients with 
preoperative postprandial hypergastrinemia as well as in one 
patient with normal serum gastrin values. Gastrin cell counts 
between 6 and 42 million were found in control stomachs and 
in patients with gastric ulcer. Preoperative feeding tests could 
be useful to select patients with an elevated antral G cell 
number. 


HE EXISTENCE OF AN ULCEROGENIC syndrome in- 

duced by diffuse hyperplasia of the antral gastrin 
(G) cell population and hypergastrinemia was postulated 
several years ago by Polak et al.'? This hypothesis was 
based on a histologic study of gastrectomy specimens 
from nine patients with a biological Zollinger-Ellison 
syndrome: no pancreatic tumor was seen at surgery in 
five patients but the density of gastrin cells found in 
their antrum was 20 times higher than normal. Sub- 
sequent observations of duodenal ulcer (D.U.) patients 
with elevated serum gastrin levels and high densities 
of antral gastrin cells have been reported. Actually, 
the existence of a true antral gastrin cell hyperplasia 
could not be demonstrated in any of these patients be- 
cause no adequate method for counting the total num- 
ber of gastrin cells in the antrum was available. Indeed, 
the size of the antrum is variable from one patient to 
another" and gastrin cell densities in antral biopsy 
specimens do not provide estimations of the gastrin 
cell mass. 
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In the past three years, adequate methods for 
counting the total number of gastrin cells in the stomach 
of animals have been presented.* */* We have pro- 
posed a quantitative histologic method to obtain reli- 
able estimations of the gastrin cell mass in the human 
stomach in a study of gastrectomy specimens from 
patients with peptic ulcer.? This study indicated that 
the local density of gastrin cells varies from one site 
of the antrum to another and that the occurence of 
multiple patchy areas of antral gastritis in which no 
gastrin cells are found is a major factor in causing this 
variability. A well distributed and extensive sampling 
of the antral mucosa is thus required to obtain the mean 
value of the gastrin cell density per mucosal surface 
unit. Multiplication of the mean density of cells with 
the antral surface measured by planimetry gives the 
absolute value of the total cell population. The prin- 
ciple of this method has been described earlier by Card 
and Marks for parietal cell populations in man.? To 
our knowledge at this time there is only one other 
study, which employed an acceptable quantitative 
technique to assess G cell numbers in the human 
antrum. 

In the present work the preoperative basal and post- 
prandial serum gastrin levels have been studied in pa- 
tients with peptic ulcer. These parameters have been 
compared with the total number of gastrin cells in the 
gastrectomy specimens from the patients submitted to 
subtotal gastric resection. 


Materials and Methods 
Patients 


Forty-eight patients entered this study. All were 
referred to the department for peptic ulcer disease 
resistant to conventional medical therapy and were 
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tested for basal and postprandial serum gastrin levels 
before surgery. Twenty-eight duodenal ulcer patients 
were treated by highly selective vagotomy (H.S.V.). 
The remaining nine D.U. patients were submitted to a 
Billroth II gastrectomy. The indication for gastrectomy 
was a very high acid secreting capacity (one patient), 
elevated postprandial serum gastrin levels with high 
acid secreting capacity (three patients), partial duo- 
denal stenosis (two patients) and unfitness for H.S.V. 
(three patients). Four gastric ulcer patients and two 
patients with recurrent ulcer after vagotomy were also 
submitted to gastrectomy. In one patient with a small 
duodenal angioma without ulcer the duodenal bulb as 
well as the antrum were resected. His stomach was 
included as a "normal" control. Four additional control 
stomachs were resected immediately after bilateral 
nephrectomy in decerebrated donors for kidney grafts. 
No ulcers or mucosal abnormalities were found in 
these specimens. 

In addition, basal and postprandial gastrin levels 
were measured in 17 healthy volunteers none of which 
had a clinical history of gastrointestinal or hormonal 
disease and in 63 patients with chronic duodenal 
ulcer responsive to medical therapy. 


Secretion Tests 


The basal and postprandial serum gastrin levels were 
determined before surgery. The same parameters were 
determined at least six weeks after gastrectomy in six 
patients who accepted to undergo a second test. Blood 
specimens were taken through an intravenous catheter 
15 minutes and five minutes before eating and respec- 
tively 20, 30, 40, 60, 80 and 100 minutes after starting 
a test meal. The standard meal consisted of 150 g 
grilled steak, toast with butter and a cup of coffee. 
The serum gastrin values were estimated by radio- 
immunoassay as described previously.*'? The basal 
concentration of gastrin was taken as the mean values 
of both basal samples and the peak gastrin level as the 
mean of the two successive highest values. The inte- 
grated gastrin responses were calculated following the 
method described by Stern and Walsh.'^? The gastric 
acid secretion was studied after an overnight fast. The 
stomach was emptied through a nasogastric tube and 
the basal acid output (B. A.O.) was measured by con- 
tinuous collection of the gastric secretion for one hour. 
The basal secretion was subdivided into four 15 minute 
samples. Pentagastrin was then infused intravenously 
at a dose of 2 ug/kg/h for 90 minutes. Six further 15 
minute samples were collected, volumes were meas- 
ured and acid concentrations determined using phenol 
red as indicator. Maximum acid output (M.A.O.) was 
calculated by totaling the four last samples. In addition, 
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Fic. 1. Diagram of the six strips cut from each gastric specimen. GC, 
greater curvature; LC, lesser curvature. 


two patients with a borderline increase in basal gastri- 
nemia were submitted to a secretin test, and the two 
patients with recurrent duodenal ulcer after vagotomy 
underwent an insulin test. 


Histoimmunologic Study 


[Immediately after resection, the stomach was opened 
along the greater curvature and rinsed in cold saline. 
The gastric mucosa was dissected from the sero- 
muscular layer, pinned flat on a cork plate and fixed 
in Bouin's solution. Six longitudinal mucosal strips 
were cut from the entire length of the gastric speci- 
men (Fig. 1). The strips were subdivided at right 
angles into smaller pieces, which were numbered and 
embedded in paraffin. The perimeter of the gastric 
specimen and of each strip was traced on drawing 
paper. Paraffin sections, 7 uum thick were cut from the 
left edge of each gastric piece. The gastrin cells were 
stained with the indirect immunoperoxidase method" 
using the antigastrin antibody of which the specificity 
has been described earlier.**'’ The sections were 
counterstained with hematoxylin in order to differenti- 
ate nucleated gastrin cells from nonnucleated cyto- 
plasmic fragments. 


Surface of the Antrum and of the Transition Zone 


A transitional zone 0.5—4 cm in width, where 
oxyntic and antral glands were intermingled, was ob- 
served in all specimens. The limit between oxyntic 
mucosa and the transitional zone was determined in the 
histologic sections of each strip by noting the position 
of the most proximal antral gland. The limit between 
the intermediate zone and the pure antral mucosa was 
determined by noting the most distal oxyntic gland 
containing peptic cells. The position of these limits 
was marked on the drawing after correction for tissue 
retraction. The surface of antrum and transition zone 
was then determined by planimetry. 
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Mean Concentration of Gastrin Cells and Total 
Number 


The total number of nucleated gastrin cells was 
counted in one complete paraffin section from each 
mucosal piece. All G cell nuclei were clearly visible 
with the hematoxylin stain. In this way counting non- 
nucleated cytoplasmic fragments resulting in over- 
estimation of gastrin cell numbers was avoided. The 
true section thickness! and the mean nuclear diameter! 
of the gastrin cells was determined in cross sections 
from each gastric specimen. The mean concentration of 
gastrin cells per mm? of mucosal surface was calculated 
in the antrum and in the transition zone after correction 
for tissue retraction, section thickness and nuclear 
diameter as described elsewhere?. 

The surface of the antrum and of the transition zone 
was expressed in square millimeters. Multiplication of 
the surface and the mean concentration of gastrin 
cells per square millimeter gave the total numer of 
gastrin cells in both areas. The sum of both values 
represents the total number of gastrin cells in the 
stomach. 


Results 


The serum gastrin assay (Fig. 2) indicated that 
only two D.U. patients had a slightly elevated basal 
serum gastrin concentration. Secretin infusion did not 
increase the gastrin level in these patients. The 
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integrated gastrin response to feeding was far beyond 
the normal level in four of the 37 surgical D.U. pa- 
tients. One had a low maximal acid output (M.A.O.) 
(20.5 mEq/hour) and underwent proximal vagotomy 
while the three remaining patients (F,J,K) had slightly 
increased M.A.O. (above 40 mEq/hour) and were sub- 
mitted to gastrectomy (Table 1). One patient with re- 
current duodenal ulcer after truncal vagotomy (S) had 
elevated basal and postprandial gastrin levels. His peak 
acid output (P.A.O.) after insulin was 4.0 mEq/hour. 
The second patient (T) with duodenal ulcer recurring 
after vagotomy had virtually normal basal and post- 
prandial gastrin levels and a P.A.O. after insulin of 
0.6 mEq/hour. After gastrectomy the postprandial 
serum gastrin values of patients F, J and K were below 
normal (Table 1). 

The mean total number of gastrin cells (Fig. 3) 
was lower in the gastric ulcer patients than in duodenal 
ulcer patients and controls. All three patients F, J and 
K with chronic duodenal ulcer, elevated postprandial 
serum gastrin values and high acid secretion had more 
than 50 million gastrin cells in their stomach. This 
elevated gastrin cell mass was due to an antral sur- 
face of more than 15 cm? in patients F and J and to a 
high concentration of gastrin cells per square millimeter 
in patients J and K. Patient S with a higher postprandial 
gastrin response and a recurrent ulcer after vagotomy 
had 42 million gastrin cells in his stomach. One 
patient (I) with a double pyloric and duodenal ulcer, 


Integrated 
Gastrin response 


(ng/ml / min) 
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FiG. 2. Basal and postprandial serum gastrin values in 17 controls A, 37 duodenal ulcer (DU) patients (& not submitted to gastrectomy, 
O submitted to gastrectomy), 4 gastric ulcer (GU) patients, one patient with duodenal angioma (N) and two patients with recurrent ulcer 


(REC) after truncal vagotomy. 
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TABLE 1. 
DIIIICXCXX—«——-——"À€—"us---—dzovV€———————————9———————————————— 
Preoperative Postoperative 

Diag- — Tot. G cell Conc. Surf. 

Patients nosis B.A.O. M.A.O. B.G. P.G. LGR: B.G. P.G. LGR. (.10°) (cells/mm?) (cm?) 
A N — — 59 68 0.0 — — — 11.49 1702 5.97 
B D.D. — — — — — — — — 14.75 3250 4.18 
C D.D. — — — — — — — — 24.80 2984 7.94 
D D.D. — — — — — — — — 32.20 4936 5.42 
E D.D. — — — — — — — — 42.00 4981 4:91 
F D.U. 12.9 56.4 63 385 20.3 50 4] —1.8 59.80 3067 18.14 
G D.U. 1.3 29.8 72 94 1.3 66 75 —0.1 6.80 956 7.03 
H DU. 3.7 85.8 40 65 2.1 62 65 —0.6 26.25 2574 9.13 
I D.U. 8.8 119.4 72 97 0.8 50 45 —1.2 74.00 3835 17.67 
J D.U. 1.6 48.5 118 425 24.4 5 6 —0.9 104.24 4580 20.54 
K D.U. 2.6 44,3 15 284 20.6 4 3 0 75.00 6546 10.22 
L D.U. 17.1 58.3 9 67 43 0 0 0 38.18 3152 9.17 
M D.U. — — 10 47 3.2 — — — 14.47 2607 5.50 
N D.U. 0.8 29.7 3 42 33 — — — 41.92 3104 9.58 
O G.U. 4.0 31.4 48 158 9.2 42 40 —2.4 20.80 3132 9.38 
P G.U. 0.8 25.2 45 83 1.8 16 20 —0.15 6.80 931 6.71 
Q G.U. — — 55 90 2.0 12 35 1.3 12.90 1003 10.46 
R G.U. — — 48 103 3.5 17 15 —0.96 8.41 880 8.86 
S REC Ls 8.2 170 500 17.2 — — — 42.20 3696 10.94 
T REC 9.2 21.8 95 165 3.5 — — 26.50 3326 7.38 


Preoperative basal acid output (B. A.O.) and maximal acid output per mm? of antral mucosal surface (Conc.), surface of the antrum 


with pentagastrin (M.A.O.) expressed in mEg/h; preoperative and 
postoperative basal serum gastrin (B.G.) peak gastrin value after a 
test meal (P.G.) expressed in pg/ml and integrated gastrin response 
(ng per ml per 100 min) after a test meal. Total gastrin cell popu- 
lation in the stomach (Total G cell), concentration of gastrin cells 


in cm? (Surf.). 

N: Normal stomach with duodenal angioma; D.D.: decerebrated 
donors for kidney grafts; D.U.: duodenal ulcer patients; G.U.: 
gastric ulcer patients; REC: patients with recurrent ulcer after 
complete vagotomy. 


a B.A.O. of 8.8 mEg/hour, a M.A.O. of 120 mEq/hour ^ 
and normal postprandial serum gastrin levels (Table 1) 6 100 
had 74 million gastrin cells. The other duodenal = 
ulcer patients had a gastrin cell mass which was E 90 
similar to that of the patients without ulcer. e 
Neither the absolute gastrin cell numbers nor the 2 
gastrin cell concentrations correlated with the basal ®© 80 
serum gastrin values in our patients (Fig. 4). A sig- a 
nificant (p < 0.01) correlation (r = 0.67) of the gastrin a 70 
cell number was observed with the postprandial gastrin — , 
peak value (Fig. 5). A good correlation (r = 0.79) was > 60 
found with the integrated gastrin output values (Fig. 6). a 
50 
Discussion 
Our data confirmed the extreme variability of the 40 
absolute G cell number in the human stomach. In 
our patients with peptic ulcer this number varied be- 30 


tween 7 and 104 million. Besides the concentration of 
the gastrin cells per square millimeter of antral 
mucosa, the total size of the antrum was a prominent 
factor in the individual variations in total G cell num- 
ber. The patient with the highest cell count also had 10 
the largest antral surface, but no correlation between 
G cell concentration and antral size was found in the 
other patients. These observations corroborate our 
previous opinion that estimations of G cell density 
alone on the basis of endoscopic biopsy specimen are 
unlikely to provide adequate information about the 


20 





Controls DU REC GU 


Fic. 3. Total G cell population in the stomach. Controls = values 
in patients A, B, C, D, E. (Table 1). DU = duodenal ulcer, 
REC = recurrent ulcer after vagotomy and GU = gastric ulcer. 
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G cell population (millions) 


Fic. 4. Correlative study between preoperative basal serum gastrin 
values and the total G cell population in the stomach. No correla- 
tion was found. DU patients (6). patient with duodenal angioma 
(A). GU patients (O) and patients with recurrent ulcer after 
vagotomy (V ). 


capacity of the stomach to secrete gastrin in peptic 
ulcer patients." Not only is extensive sampling of the 
mucosa required to obtain reliable estimations of the 
mean G cell density, but the antral mucosal surface 
is needed to calculate the total gastrin cell mass. 
Unfortunately, harmless methods allowing this de- 
termination in the stomach in situ are still not avail- 
able. 

The fact that no mucosal lesions were seen in our 
control stomachs is not an absolute criterion of 
normality. Using a similar counting method in four 
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FiG. 5. Correlation between the total G cell number and the peak 
gastrin concentration. DU patients (6), patient with duodenal 
angioma (A). GU patients (O) and patients with recurrent ulcer 
after vagotomy (V). 
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FiG. 6. Correlation between the total G cell number and the integrated 
gastrin response. DU patients (6). patient with duodenal angioma 
(A). GU patients (O) and patients with recurrent ulcer after 
vagotomy (V ). 


nonulcerous stomachs, Royston et al.'? have estimated 
antral G cell numbers ranging from 7 to 15 million. 

If the gastrin cells of the intermediate zone?" had 
been counted in the latter study, the control values 
would probably have been similar to ours. 

Several D.U. patients with a slightly elevated basal 
gastrinemia, a higher gastrin response to feeding and 
an increased antral G cell density have been de- 
scribed.’ The possibility that these patients belong to a 
separate clinical entity, called antral G cell hyper- 
plasia was suggested, although the absolute G cell mass 
had not been determined in the antrum. Most of these 
patients had undergone previous truncal vagotomy, 
which is known to increase basal and postprandial 
gastrin levels'® and possibly also G cell mass in the 
stomach." No gastrin cell hyperplasia was found in our 
two patients with recurrent ulcer after vagotomy. 
In four gastric specimens from D.U. patients we 
found a G cell population of more than 50 million cells. 
Such a high absolute value could actually represent 
antral G cell hyperplasia if our control values and 
those reported by Royston et al." truly represent the 
normal G cell number. One similar patient with 56 
million gastrin cells has been found in the study of 
Royston et al.? This patient had an elevated basal 
gastrin level (532p moles/L) before gastrectomy, but 
retained high basal values (77p moles/L) after total 
gastrectomy. Three of our four patients with a large G 
cell population had increased gastrin responses to 
feeding. Suppression of the response by partial gas- 
trectomy confirmed that the excess gastrin was not 
released by an extragastric tumor. The remaining 
patient with antral G cell hyperplasia, however, had 
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a normal gastrin response before gastrectomy. The 
markedly increased acid secreting capacity of this 
patient may explain a low gastrin response after a test 
meal despite a high anatomical capacity to secrete 
gastrin. 

These observations as well as the significant correla- 
tion between the G cell mass and the gastrin response 
to feeding indicate that preoperative feeding tests could 
be useful to select patients with a high antral G cell 
number. Four patients with a high postprandial gastrin 
release were detected from a total of 37 D.U. patients 
coming to surgery. In none of the 63 D.U. patients 
responding to medical therapy, an integrated gastrin 
response to feeding higher than 20 ng/ml was found. 
It is evident that the proportion of D.U. patients 
with high G cell numbers in our small group of patients 
submitted to gastrectomy was by far excessive. There- 
fore, the hypothesis that G cell hyperplasia is a sep- 
arate ulcerogenic entity cannot be concluded from 
our data. 
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An Appraisal of Radical Pancreatoduodenectomy 


Based on Glucagon Secretion 


MASAHIKO MIYATA, M.D., MASAYASU HAMAJI, M.D., TAKAYOSHI YAMAMOTO, M.D., KAZUYASU NAKAO, M.D., 
HIROMASA SAKAGUCHI, M.D., TSUGURO SAKAMOTO, M.D. 


In an attempt to elucidate changes in endocrine functions of 
the pancreas associated with radical pancreatectomy for peri- 
ampullary cancer, plasma levels of insulin (IRI) and pancreatic 
glucagon (IRG) were measured during arginine infusion in 
ten patients with periampullary cancer both before and after 
pancreatoduodenectomy. The response of plasma IRI to 
arginine which was impaired before the surgery showed 
further impairment after the surgery. This finding is consistent 
with the previous results obtained in such patients by oral 
glucose tolerance testing. Also, the response of plasma IRG 
was subnormal preoperatively and was found to be impaired 
postoperatively. Both maximum and integrated secretion of 
IRG during arginine infusion decreased after the surgery in 
all instances. From these findings, it is concluded that 
pancreatoduodenectomy aggravates the already disordered 
pancreatic endocrine functions, as indicated by arginine in- 
fusion in patients with periampullary cancer. 


N CASE OF PERIAMPULLARY cancer, total pan- 
I createctomy or pancreatoduodenectomy has been 
the therapeutic surgery of choice.'? Following total 
resection of the pancreas, the homeostasis of car- 
bohydrate metabolism is interrupted as a result of 
elimination. of sources of insulin and pancreatic 
glucagon. On the other hand, the extent of impairment 
of carbohydrate metabolism, observed following pan- 
creatoduodenectomy,* * depends on the pancreatic 
endocrine functions which are retained. Not only 
insulin but also pancreatic glucagon is involved in the 
deficient carbohydrate metabolism, in all forms of 
diabetic syndrome.’ We have reported our findings of 
insufficient secretion of insulin in patients undergoing 
pancreatoduodenectomy for periampullary cancer. 
Little information, however, is available concerning 
secretion of pancreatic glucagon from A-cells of the 
remaining pancreas. 

In the present study, we measured plasma levels of 
pancreatic glucagon during arginine infusion both 
before and after pancreatoduodenectomy in patients 
with periampullary cancer, in an attempt to determine 
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pancreatic A-cell function in these patients. Our find- 
ings also elucidated the influence of radical pan- 
creatoduodenal resection on pancreatic A-cell function. 


Materials and Methods 


Ten Japanese patients with periampullary cancer 
were investigated both before and after radical pan- 
creatoduodenectomy. Included were five with car- 
cinoma of the head of the pancreas, three with 
carcinoma of the papilla of Vater and two with car- 
cinoma of the ampulla. In all patients, the pancreas 
was resected at the junction of its head and body 
together with the distal half of the stomach and the 
entire duodenum en bloc. Reconstruction of the 
alimentary tract was carried out after the fashion of 
Child,* in all instances. Preoperative investigations 
were carried out within one week prior to the day of 
surgery. From four to 15 (mean: 7.5) weeks following 
the surgery, the same investigations were also made. 
when the patients did not require any particular treat- 
ment in their daily life. Another group of 12 healthy 
adult volunteers served as the controls. In this series, 
there was no individual with a familial history of 
diabetes, problems of overweight or apparent metabolic 
disorders. 

After an overnight fast, 10% (w/v) solution of L- 
arginine monochloride (Morishita Pharmaceuticals, 
Co., Ltd., Japan) was administered into the antecubital 
vein at the constant rate of 500 mg/kg over a period 
of 30 min. Blood samples were collected from the 
contralateral antecubital vein, 15 min before and just 
before the start of the administration, as controls. After 
the initiation of arginine infusion, at every 10 minutes 
for the first 30 minutes, and then 45, 60 and 90 minutes, 
blood samples were also collected. Immediately the 
blood was transferred into chilled test tubes containing 
Trasylol, Kallikrein inactivator, (500 KIU/ml of whole 
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blood, Bayer Pharmaceuticals Co. Ltd., West Ger- 
many) and EDTA[2Na] (1 mg/ml of whole blood). 
The plasma was separated at 4 C and stored at —20 C 
until the time of assay. 

Plasma levels of glucose were measured by a 
modification of the glucose oxidase method,” adopted 
to an autoanalyser (Boehringer-Mannheim, U.S.A., 
ca. no. 16115). Plasma levels of insulin were de- 
termined by double antibody radioimmunoassay (insulin 
immunoassay kits were obtained from CEA-IRE- 
SORIN Association, France). Plasma levels of glucagon 
were also determined by single antibody radioimmuno- 
assay, using antiserum specific against pancreatic 
glucagon (AGS 30K, obtained from the laboratory of 
Dr. R. H. Unger, Dallas, TX), according to the method 
of Weir et al.,!! with minor modification. 

Based on the results of plasma levels of glucagon, 
maximum resporidal value (peak value minus basal 
value) and integrated incremental values (from 0 to 
30 min, and from 0 to 90 min) were calculated in each 
instance to determine the responsiveness of pancreatic 
A-cells to arginine, and these values were used to 
compare the pancreatic A-cell function before and after 
pancreatoduodenectomy in individual patients. 

All values are expressed as the mean plus and 
minus one standard error of means. Statistical analysis 
was done using Student's t-test to compare unpaired 
values, and Wilcoxon's signed rank test for paired 
values. A difference in the probability value of less 
than 0.05 was considered significant. 


Results 
Plasma Levels of Glucose (Fig. 1) 


Basal plasma levels of glucose were not significantly 
different among pre- and postoperative patients and 
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FıG. 1. Plasma levels of glucose during arginine infusion. 
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Fic. 2. Plasma levels of insulin (IRI) during arginine infusion. 


The asterisks indicates significant difference between pre- and post- 
operative patients. 


normal control subjects. The levels of plasma glucose 
significantly increased following initiation of arginine 
infusion in all three groups, showing mean peak levels 
at 30 minutes, and then returned to the basal levels 
by 60 minutes. There was no statistical difference in 
plasma levels of glucose among these three groups 
throughout the test. 


Plasma Levels of Insulin (Fig. 2) 


Basal plasma levels of insulin (IRI) were not sig- 
nificantly different among pre- and postoperative pa- 
tients and normal control subjects. 

Following initiation of arginine infusion, plasma 
levels of IRI increased significantly during the first 60 
minutes in normal controls. The mean peak value was 
74.5+7.8 U/ml at 30 minutes. The levels also 
significantly increased during the first 45 minutes in 
both pre- and postoperative patients. Mean peak values 
were 42.4 + 6.9 „U/ml at 20 minutes and 28.0 + 3.5 
„U/ml at 20 minutes, respectively. Statistical dif- 
ferences were noted at 20, 30, 45 and 60 minutes be- 
tween normal controls and preoperative patients. Also 
significant differences were noted at 10, 20, 30 and 
45 minutes between postoperative patients and normal 
controls. The levels at 20 and 30 minutes in post- 
Operative patients were significantly less than those 
in preoperative patients. 


Plasma Levels of Pancreatic Glucagon (Fig. 3) 


The mean basal plasma levels of glucagon (IRG) in 
postoperative patients was significantly less than in 
normal controls (Table 1). The basal levels in pre- 
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Fic. 3. Plasma levels of glucagon (IRG) during arginine infusion. 
The asterisks indicates significant difference between pre- and 
postoperative patients. 


operative patients were not significantly different from 
those in normal controls or in postoperative patients. 

With arginine infusion, plasma levels of IRG sig- 
nificantly increased during the first 60 minutes in 
normal controls, throughout the test in preoperative 
patients and during the first 45 minutes in postoperative 
patients. The mean peak values were noted at 30 
minutes in all groups; 269.2 + 37.6 pg/ml in normal 
controls, 186.6 +24.6 pg/ml in preoperative patients 
and 107.1 +27.8 pg/ml in postoperative patients, 
respectively. No statistical difference in plasma levels 
of IRG was noted between normal controls and pre- 
operative patients throughout the test. Significantly 
lower plasma levels of IRG were noted in postopera- 
tive patients at 10, 20, 30, 45 and 60 min compared 
with those in normal controls. The levels in postopera- 
tive patients were also significantly less than those in 
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preoperative patients at 10, 20, 30, 45, 60 and 90 
minutes. 

As shown in Table 1, maximum increment and 
integrated incremental secretions of IRG in post- 
operative patients were significantly less than those 
in both normal controls and preoperative patients. 
Those values in preoperative patients were smaller 
than those in normal controls, however, a significant 
difference was only noted in the integrated respondal 
secretion during the first 30 minutes. In individual 
patients, these parameters decreased after pancreato- 
duodenectomy in all instances (Fig. 4). 


Discussion 


We found that the insulin related response to 
arginine infusion is impaired in patients with peri- 
ampullary cancer preoperatively, and radical pan- 
creatoduodenectomy further diminishes the response 
in the same patients (Fig. 2). This finding is consistent 
with the previous results, using oral glucose load as a 
stimulant for release of insulin, that B-cell function 
of the pancreas is insufficient in patients with peri- 
ampullary cancer and radical pancreatoduodenal re- 
section aggravates the function.'? The abnormal endo- 
crine function of the pancreas in these patients 
probably results from the accompanying chronic 
pancreatitis. Primary carcinoma arising in the head 
of the pancreas produce secondary changes in the 
pancreas, distal to the tumor, in the majority of 
cases." Histologic observations have revealed de- 
teriorative changes of normal architectures of the 
pancreas, including encirclement of the islets of 
Langerhans with connective tissues in both the 
resected and remaining pancreas.!2:!45 On the other 
hand, there is a report that normal insulin secretion 
was observed in patients who had undergone pan- 
creatoduodenectomy for blunt trauma of the head 
of the pancreas,'* probably due to the remaining 


TABLE 1. Response of Plasma Levels of Glucagon to Arginine Infusion 


en 


Integrated Secretiont 





Maximum 
Mean Basal Increment? [0—30 min] [0—90 min] 
(pg/ml) (pg/ml) (ng-min/ml) (ng-min/ml) 
M M HH ——À a à i i 
Normal controls 
(n = 12) 41.1 + 9.1 270 + 49 6:35. 4 1.02 | x 11.63 + 2.02 
Preoperative 
(n = 10) 23.8 + 8.4 aa 174 + 25 d 3.08 + 0.58 » 8.60 + 1.37 " 
Postoperative " 7 " 
(n — 10) 10.1 + 3.4 101 + 23 1.92 + 0.53 4.28 + 1.24 


All values express Mean + SEM. 
* Shows significant difference (p < 0.05). 
t Peak value minus basal value (Max. AIRG). 


t Sum of glucagon secretion during the period indicated below 
(EAIRG). 
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pancreatic tissues which were expected to be his- 
tologically normal. 

Although lesser increases in mean plasma levels of 
pancreatic glucagon were observed when arginine was 
infused in our patients with periampullary cancer 
before surgery, no statistical difference was noted 
compared with findings in normal controls throughout 
the test (Fig. 3). This finding is in contrast with the 
significantly lesser increase in simultaneous plasma 
levels of insulin in the same patients, as compared 
to the normal controls (Fig. 2). It can be speculated 
that B-cells of the islets are more easily damaged 
than A-cells according with secondary changes in the 
pancreas arising from periampullary cancer. This is 
supported by data on patients with chronic pancreatitis 
who usually show a deficient function of B-cells not 
A-cells.' It is interesting, however, that integrated 
respondal secretion of glucagon throughout the 30 min- 
utes of arginine infusion was significantly less in these 
patients than in normal controls (Table 1). This finding 
implies that the functioning A-cell mass which rapidly 
responds to arginine is decreased in these patients. 
Thus, A-cell function in patients with periampullary 
cancer is probably subnormal. 

Conversely, response of glucagon to arginine was 
significantly decreased in pancreatoduodenectomized 
patients as compared to the controls (Fig. 3). There- 
fore, pancreatic A-cell function is no doubt insufficient 
in patients who have undergone pancreatoduodenec- 
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tomy for periampullary cancer. Changes in plasma 
levels of glucagon were also significantly fewer after 
pancreatoduodenectomy compared with preoperative 
levels in the same patients. Parameters expressing 
response of glucagon to arginine decreased after the 
surgery in all instances (Fig. 4). These findings sug- 
gest that radical pancreatoduodeneal resection for 
periampullary cancer diminishes pancreatic A-cell 
function. 

Blood sugar levels are apparently not related to the 
insufficient responses of insulin and glucagon in these 
patients, since changes in plasma glucose levels 
showed no difference compared to the normal con- 
trols (Fig. 1). In all our pancreatoduodenectomized 
patients, the blood sugar levels were well main- 
tained postoperatively, with no requirement for treat- 
ment of any kind. There are reports, however, of 
totally pancreatectomized patients who died from 
insulin shock or hyperglycemic ketoacidosis.!*!? Thus, 
the secretion of insulin and glucagon, albeit impaired 
in pancreatoduodenectomized patients, produces com- 
paratively minor abnormalities in carbohydrate me- 
tabolism and this knowledge should aid the surgeon 
considering radical intervention for cases of peri- 
ampullary cancer. 
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ev half the problem. 


Apprehension and reaction to 
pain make up the other very 
important half. And Synalgos-DC 
is the analgesic that treats both 
halves of the pain problem: 
Promethazine helps relieve ap- 
prehension and reaction to pain, 
while the analgesic components 
help relieve moderate to moa- 
erately severe pain: 

Synalgos-DC contains dihydro- 
codeine, a semisynthetic 
narcotic analgesic related to 
codeine, with multiple actions 
qualitatively similar to codeine. 
© status permits telephone 
prescriptions and authorized 
refills up to 5 times in 6 months 
(unless restricted by state law). 
Dual-action Synalgos-DC 
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| "INDICATIONS: Based on a review of this 


drug by the National Academy of Sci- 
ences— Natioríal Research Council and/or 
other information, FDA has classified the 
indications as follows: "Possibly" effective 
for the relief of moderate to moderately 
severe pain in those. situations where the 
physician wishes to add a mild sedative 
effect. Final classification of the less- 
than-effective indications requires further 
investigation 
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CONTRAINDICATIONS: Hypersensitivity to dihy- 
drocodeine, promethazine, aspirin, phenacetin. 
WARNINGS: Salicylates should be used with 
extreme caution in the presence of peptic 
ulcer or coagulation abnormalities. 

Drug Dependence: Dihydrocodeine can pro- 
duce drug dependence of the codeine type 
and therefore has the potential of being 
abused. Psychic dependence, physical depen- 
dence and tolerance may develop upon 
repeated administration of dihydrocodeine, 





^ d. Drocode (dihydrocodeine) bitartrate, 16.0 mg (Warning: May 
ll be habit-forming); promethazine hydrochloride, 6.25 mg; 
z^ aspirin, 194.4 mg; phenacetin, 162.0 mg; caffeine, 30.0 mg. 


and it should be prescribed and administered 
with the same degree of caution appropriate 
to the use of other oral narcotic-containing 
medications. Like other narcotic-containing 
medications, dihydrocodeine is subject to the 
provisions of the Federal Controlled Sub- 
stances Act. Usage in Ambulatory Patients: 
Dihydrocodeine and promethazine may impair 
the mental and/or physical abilities required 
for the performance of potentially hazardous 
tasks such as driving a car or operating 
machinery. The patient using Synalgos-DC 
should be cautioned accordingly. Interactions 
with other Central Nervous System Depres- 
sants: Patients receiving other narcotic anal- 
gesics, general anesthetics, other phe- 
nothiazines, tranquilizers, sedative-hypnotics 
or other CNS depressants (including alco- 
hol) concomitantly with Synalgos-DC may 
exhibit an additive CNS depression. When 
such combined therapy is contemplated, the 
dose of one or both agents should be reduced. 
Patients who have demonstrated a hypersen- 


sitivity reaction (e.g. blood dyscrasia, jaun- 
dice) with a phenothiazine should not be 
reexposed to any phenothiazine, including 
Synalgos-DC, unless in the judgment of the 
physician the potential benefits of the treat- 
ment outweigh the possible hazards. Usage in 
Pregnancy: Reproduction studies have not 
been performed in animals. There is no ade- 
quate information on whether this drug may 
affect fertility in human males and females or 
has a teratogenic potential or other adverse 
effect on the fetus. Usage in Children: Since 
there is no experience in children who have 
received this drug, safety and efficacy in chil- 
dren have not been established. 

PRECAUTIONS: Phenacetin has been reported 
to damage kidneys when taken in large 
amounts for a long time. Promethazine should 
be administered cautiously to patients with 
cardiovascular or liver disease. Synalgos-DC 
should be given with caution to certain patients 
such as the elderly or debilitated, and those 
with hypothyroidism, Addison's disease and 





prostatic hypertrophy and urethral stricture. 
ADVERSE REACTIONS: The most frequently 
observed reactions include lightheadedness, 
dizziness, drowsiness, sedation, nausea, vomit- 
ing, constipation, pruritus, skin reactions, and 
rarely, hypotension. 

DOSAGE AND ADMINISTRATION: Dosage 
should be adjusted according to the severity of 
the pain and the response of the patient. Syn- 
algos-DC is given orally. The usual adult dose 
is 2 capsules every 4 hours as needed for pain. 
DRUG INTERACTIONS: The CNS depressant 
effects of Synalgos-DC may be additive with 
that of other CNS depressants. See Warnings. 
Aspirin may enhance the effects of anticoagu- 
lants and inhibit the uricosuric effects of uri- 
cosuric agents. 

Consult direction circular before prescribing. 


IVES LABORATORIES INC. 


New York, NY 10017 
Dedicated to improving the 
quality of life, through Medicine® 





ients wh 


Forulcerative procti 








CORTIFOAM* a DsOlute contraindications to the use of corticosteroids these patients a 
(hydrocortisone acetate 10% rectal foam) Reiative contraindications include active peptic ulcer, acute wall. Where sur 


























Contains nydrocortisone acetate 10% as the sole active glomerulonephritis, myasthenia gravis, osteopor liver than a few for a satisfactory response to medical treat- 
narar, » a AA 2 NA a TAn - t t thror ^ aiti ry > ti; sar ^f 37 Ta mean MT. nra c Y = 
regient in ZU GN f a toa onta ig propyien ol -1 ibophiebDi psychic disturbances, pregnancy, ment. Gent precautions common to all corticosteroid 
ethoxylated stearyl alcohol, polyoxyethylene-10-steary! ether ''abetes, hyperthyroidism, acute coronary disease, hyper therapy should be observed during treatment with 
^ ry +} r x m X fc f Hrmnute 2 4 ro > r - rr - ^F DTIC! AÑ Th ~ - P " E 
etyl alcoh ethyl and propy! parabens, triethanolamine, ited Cardiac reserve, and local or systemic infe CORTIFOAM ese include gradual withdrawal of therapy to 
water and inert propellant l S, If i ding fungal or exanthematous diseases. Where low for possibie adrenal insufficiency and awareness t 
- m » ^nt C av t | Ovnorta AND P rary toar r b - " Att ^ * ^ Da cc ^ 
cach application delivers appr mg. ot toam ese conditions exist, the expected benefits from steroid possible growth suppression in children. Patients should be 
b a et i n £ - tora Y tr iohori "ot = " Ç r a r ) ont neerr n ti z - (36 i 
a g 80 mg j rt hydrocor apy ist be weighed nst the risks involved in its use Kept under c e observation, for, as with all drugs, rare i! 

r 4r ne D ow n " 7 ~ y , " b - ^ m " " r 
tisone acetate) Fregnancy is a relative contraindication to corticosteroid Hviguaðls ay react unfavorably under certain conditions. If 
Clinical pharmacology: RTIFOAM provides tor jl ad part arly during third trimester. If corticosteroids must be evere reactions or idiosyncrasies occur, steroids should be 
ministration of an anti-inflammatory rt steroid as adjun ministered in pregnancy, watch newborn infant sely for liscontinued immediately and appropriate measures inst 

f " r fE Runna r cry r P "m ^ - r f ^ te [) f mr mr í ^ y - 
tive ther apy f ulcerative proctitis 4 Iypya JrenaliS ind administer approptr ate ther ipy tu is D te pioy in immediate or early po ti perative 
^ ric AA , 1 TEN f needed Der JT Ning ileorectostor 
Indications: CORTIFOAM is indicated as adjunctive therapy € j z idi 7 
tho t " tr ry mt $ T : nart of the 2roc nt nar t 
ne topiCal treatment of ulcerative proctitis of the distal y Part UF te aeros "ROTE - 
M i H : Adverse reactions: Corticosteroid therapy may produce side 
r rt f f the react Y nr 3t ente uk innot retain h dr " r 3iner are un jer pres re I t "1 1 y JUL i 
we - j $ ud 1 iy GT OCU 1 d T S etfects wl h include moon face. f 1 retention. ex e 
tisone or other ET teroid enemas rr r puncti re the aeros , - < | : VC 
| ` J - a E rs j etite Ann weight oain hr f al fat enosIf«c nental 
Direct MG 4 ne ae zi P" p: P M f ta er tore af room temperat ire not ver f Wi 1 ] VV E Bal iL 1 j| GCDO ifs mentad 
L USEI Va t ylene blue lla E 10d nave p ae - = m =) noton hypertricho j ee NyA incre 1 
shown staining r higher than lO centimeters into the Because CORTIFOAM is not expel ed, systemic hydrocor i ds 3 - 7 A 
v¥ c k d 4 v ~ t x J M n z E z = ai ~weafir f 2rmentatior cr | r thinr 0 C/ nh 

heng " = | ^0 Wed pig tation, Ary scaly skin, thinning scalp hair 
rectun e absorption may be greater from CORTIFOAM tha: = i 6 Scalp ric ¢ 
: f ] d thrnmhnnhliehitic jlecreased resistance t nfection ne tive 

H e - " ^ 4 n tean + Ir Y rt steroid enema form ations f thoro r e axi E di ERORA d Dee tT EEN VS 
Contraindications: a raindiCations he use of A ATARA NS ulations. Ifthe Ire nitrogen Dalance with delayed bone and v nd healing 
ic sd ^ ER ww : E - : L Udic WII dy J U C WUU ! Se IE 
ntrarectal steroids include obstruction, abscess, perforation À " IiniCal or proctologic improvement with WO C menctr Mz " th ' 
: L ucl ) : De a : "i ll M enc jal disorder neuropathy. per er. decreased 
f f : three we fter starting RTIFOAM th av or if the r olde pany pvp AU ser AS dastu 
peritonitis, fresh intestinal anastomoses. exter o fictiilac WEEK atte »tarurig AR JA vi therapy 0 he pe 
H "d - v lid F s EP ; j 1 i : glucose tolerance, hypopotassemia, adrenal insufficiency 
and sinus tracts f muon worsens Ws ntinue the jrug i PII A E i j 
T ; e Zing ang nypertension, pancreatitis and increased 
hor C * o + ' Y ix ` 1O ^ " z > € ^ = 7 b ^ saw 
i UIOSI 4 Y ite Jr Questionabdly nealed), ocular Precautions: Steroid therapy should be administered with ntra iar ore ire. In childrer DDres of growth ma 
b à - 212 c y 
horna mnl and ariite h ro ncideroer "24 1f.oan in natientc with > srati nf. : A a 
f impiex Jte DSyCnC are usually CC Jered R patients with severe ulcerative disease because occur. Increased intracranial pressure may occur and 


ant retain the steroid enema... 


Frequently your ulcerative proctitis patient 
can't retain the steroid enema: when the patient 
needs to be ambulatory; when the patient is in the 
early stages of therapy; when a steroid enema 
triggers the onset of tenesmus, or when sphincter 
control is weak. 


Now there's an alternative to the retention 
enema—Cortifoam® (hydrocortisone acetate 10%) 
rectal foam. With Cortifoam, the steroid is kept in 
contact with the inflamed mucosa by a muco- 
adhesive foam base. Unlike retention enemas, 

.. Cortifoam can be administered at any time 

& convenient to the patient in just 30 seconds—even 
wi while standing. Following administration, 
Cortifoam requires no lengthy period of reclining, 
no struggle to retain medication. And it usually 
won't leak or stain even in active patients. "This 
form of treatment is better tolerated since it does not 
provoke the tenesmus or urgency that often 
accompany a fluid enema."* 
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X 


Finally, Cortifoam is more economical per 
application than commercially-available steroid 
enemas. 


So when you need an alternative for 
ulcerative proctitis patients who can't retain steroid 
enemas, now you can prescribe one—Cortifoam. 


*Korelitz, B.I.: Hospital Medicine 14:8-34, March, 1978 


[fd Reed & Carnrick/Kenil worth, New Jersey 07033 





^ The easy-to-retain 
alternative. 4 


possibly account for headache, insomnia and fatigue. Sub- 
Capsular Cataracts may result from prolonged usage. Long- 


term use of all corticosteroids results in catabolic effects ® 
characterized by negative protein and calcium balance Os- or || oami 
teoporosis, spontaneous fractures and aseptic necrosis of the 

hip and humerus may occur as part of this catabolic phe- 

nomenon. Where hypopotassemia and the other symptoms 


associated with fluid and electrolyte imbalance call for potas- 


ü TE 
sium supplementation and salt-poor or salt-free diets, these n 0 - 
may be instituted and are compatible with diet requirements Tocor 1SO e ace a e SED. 
for ulcerative proctitis -— 
Administration and dosage: Usual dose is one applicatorful 


once or twice daily for two or three weeks, and every second SOS — ERO SN 
day thereafter, administered rectally. The patient direction — 


package with the applicator describes how to use the aerosol 
container and applicator. Satisfactory response usually oc- 
Curs within five to seven days marked by a decrease in symp- 
toms. Symptomatic improvement in ulcerative proctitis 
should not be used as the sole criterion for evaluating effi- 
Wr cacy Sigmoidoscopy is also recommended to judge dosage 
adjustment, duration of therapy and rate of improvement 









How supplied: CORTIFOAM is supplied in an aerosol con- 
tainer with a special rectal applicator. Fach applicator delivers 
approximately 900 mg. of foam containing approximately 80 
mg. of hydrocortisone as 90 mg. of hydrocortisone acetate. 
The aerosol container will deliver a minimum of 14 applications 
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JUNE 16-19, 1980 


Breast and Endocrine Surgery are the 
topics of the 44th Annual Surgery 
Continuation Course to be presented by 
the Department of Surgery of the Univer- 
sity of Minnesota Medical School, June 
16-19, 1980. 


FACULTY 


Guest faculty will include Doctors Michael 
Baum, William H. Beierwaltes, George E. 
Block, Murray F. Brennan, John Bostwick, 
II, Orlo H. Clark, Richard H. Egdahl, 
Bernard Fisher, Ernest M. Gold, Jules 
Hardy, Timothy S. Harrison, Samuel 
Hellman, Thomas K. Hunt, Ann Miller 
Lawrence, John P. Minton, Otto W. 
Sartorius, Colin G. Thomas, Jr., Jerome 
A. Urban, Samuel A. Wells, Jr., and John 
N. Wolfe. 

The host faculty will include the teaching 
staff of the University of Minnesota 
Graduate School of Medicine. 


COURSE FEATURES 


Didactic lectures, moderated panel 
discussions, audience participation 
panels, films, printed proceedings, 
displays, luncheons, abstract booklet, 
reception and one dinner. 


TUITION 


Regular fee — $300.00 
Physicians in residency training 
programs — $150.00 


INFORMATION 


Breast and Endocrine Surgery 
Continuing Medical Education 
University of Minnesota 
Box 293 Mayo Memorial Building 
420 Delaware Street, S.E. 
Minneapolis, Minnesota 55455 
Tele: (612) 373-8012 
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CHAIRMAN 
DEPARTMENT 
OF 
OF SURGERY 


Large expanding university- 
affiliated medical center, 15 miles 
from New York City, seeks 
experienced geographic full-time 
physician with administrative and 
teaching skills to assume leader- 
ship of major department with large 
residency program. Opportunity 
for private practice. Salary and 
benefits negotiable. Please 
respond in writing to: 
Sister Jane Frances Brady 

Executive Director 
SI. JOSEPH'S HOSPITAL & 

MEDICAL CENTER 

703 Main Street 
Paterson, NJ 07503 


An equal opportunity employer 





CLINICAL FACULTY 
POSITIONS OPEN 
1980-1981 
COLLEGE OF MEDICINE 
KING FAISAL UNIVERSITY 
DAMMAM, SAUDI ARABIA 


The expanding College of Medicine at King Faisal 
University is going into its sixth year of development and 
invites applications from qualified clinical faculty for the 
1980-1981 year in: 


GENERAL SURGERY AND ALL SUBSPECIALTIES 


SALARIES are highly competitive and comparable to 
other Saudi universities. Interviews are scheduled 
during February 1980 in Lóndon, Houston and Ottawa. 


The language of instruction is English. 


BENEFITS include free furnished housing, educational 
allowances for children, air tickets to and from Saudi 
Arabia once each year for a family of four, 60-day paid 
vacation each summer, liberal overweight allowance. 
No Saudi income tax. 


Please send curriculum vitae with current telephone 
numbers, and the names and addresses of three 
references to: 


Dr. Tawfiq Tamimi, Dean 
College of Medicine, King Faisal University 
c/o Saudi Arabian P. O. Box 2 
Educational Mission Sunbury-on-Thames 
2221 West Loop South Middlesex TW16 5JP 
Houston, Texas 77027 England 
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* No sharp edges, pins or points to perforate IVC wall and jeopardize 
retroperitoneal structures 

* Uses transjugular placement 

* Permits safe, simultaneous anticoagulation — desirable and effective 

e Allows complete, controlled IVC occlusion 

* Adapts to any diameter IVC 

e Requires only /oca/ anesthesia 

* Built-in capability for venography allows and confirms precise placement 

e Supplied sterile — completely disposable 


For more detailed information, copies of published references, or to 
request a showing of the 15-minute procedural film demonstrating actual 
use of the Occluder, return the coupon, or call directly to: 
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* rapid control of nausea and vomiting 


* unsurpassed antiemetic action 
* 12 dosage forms and strengths 


brand of 


prochlorperazine 


Before prescribing, see complete prescribing information in 
SK&F literature or PDR. The following is a brief summary. 


Indications: Management of the manifestations of psychotic 
disorders; management of psychoneurotic patients displaying 
primarily symptoms of moderate to severe anxiety and tension; 
and for control of severe nausea and vomiting. 


‘Compazine’ has not been shown effective in the management of 
behavioral complications in patients with mental retardation. 


Contraindications: Comatose or greatly depressed states due 
to C.N.S. depressants; bone marrow depression; pediatric 
surgery. 

Warnings: The extrapyramidal symptoms which can occur 
secondary to ‘Compazine’ may be confused with the central 
nervous system signs of an undiagnosed primary disease 
responsible for the vomiting, e.g., Reye’s syndrome or other 
encephalopathy. The use of 'Compazine' and other potential 
hepatotoxins should be avoided in children and adolescents 
whose signs and symptoms suggest Reye's syndrome. 


Avoid using in patients hypersensitive (e.g., blood dyscrasias or 
jaundice) to any phenothiazine. Caution patients about activities 
requiring alertness (e.g., operating vehicles or machinery) 
especially during the first few days’ therapy. Prochlorperazine 
may intensify or prolong the action of other C.N.S. depressants. 
Not recommended for children under 20 pounds or 2 years of 
age. 

Use in pregnancy only when potential benefits outweigh 
hazards. 


Precautions: The antiemetic action of ‘Compazine’ may mask 
the signs and symptoms of overdosage of other drugs and may 
obscure the diagnosis and treatment of other conditions such as 
intestinal obstruction, brain tumor and Reye's syndrome (See 
WARNINGS). Postoperative aspiration of vomitus has occurred in 
a few surgical patients who received prochlorperazine as an 
antiemetic. Deep sleep and coma have been reported, usually 
with overdosage. Patients on long-term therapy, especially high 
doses, should be evaluated periodically for possible adjustment 
or discontinuance of drug therapy. In children with acute 
illnesses or dehydration, use only under close supervision. 


Adverse Reactions: Drowsiness, dizziness, amenorrhea, blurred 
vision, skin reactions. Hypotension. Cholestatic jaundice, 
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leukopenia, agranulocytosis. Fatty changes in the liver have been 
observed in a few patients who died while receiving the drug (no 
causal relationhip has been established). Neuromuscular 
(extrapyramidal) reactions: motor restlessness, dystonias, 
pseudo-parkinsonism, persistent tardive dyskinesia. Contact 
dermatitis is a possibility with concentrate and injectable forms. 


Other adverse reactions reported with Compazine 
(prochlorperazine, SK&F) or other phenothiazines: Some 
adverse effects are more frequent or intense in specific disorders 
(e.g., severe hypotension in mitral insufficiency or 
pheochromocytoma). 


Grand mal convulsions; altered cerebrospinal fluid proteins; 
cerebral edema; prolongation and intensification of the action of 
C.N.S. depressants, atropine, heat and organophosphorus 
insecticides; dryness of mouth, nasal congestion, headache, 
nausea, constipation, obstipation, adynamic ileus, inhibition of 
ejaculation; reactivation of psychotic processes, catatonic-like 
states; hypotension (sometimes fatal); cardiac arrest; 
pancytopenia, thrombocytopenic purpura, eosinophilia; biliary 
Stasis; lactation, galactorrhea, gynecomastia, menstrual 
irregularities, false-positive pregnancy tests; photosensitivity, 
itching, erythema, urticaria, eczema up to exfoliative dermatitis; 
asthma, laryngeal edema; angioneurotic edema, anaphylactoid 
reactions; peripheral edema; reversed epinephrine effect; 
hyperpyrexia; a systemic lupus erythematosus-like syndrome; 
pigmentary retinopathy; with prolonged administration of 
substantial doses, skin pigmentation, epithelial keratopathy, and 
lenticular and corneal deposits. 


EKG changes have been reported, but relationship to myocardial 
damage is not confirmed. Discontinue long-term, high-dose 
therapy gradually. 


NOTE: Sudden death in patients taking phenothiazines 
(apparently due to cardiac arrest or asphyxia due to failure of 
cough reflex) has been reported, but no causal relationship has 
been established. 


Supplied: Tablets — 5, 10 and 25 mg., in bottles of 100; 
Spansule* capsules — 10, 15, 30 and 75 mg., in bottles of 50; 
Injection — 5 mg./ml. in 2 ml. ampuls, 10 ml. vials, and 2 ml. 
disposable syringes; Suppositories — 2-1/2, 5 and 25 mg.; 
Syrup — 5 mg./5 ml.; Concentrate (intended for institutional 
use only) — 10 mg./ml.; Single Unit Packages of 100 (intended 
for institutional use only) — 5 and 10 mg. tablets; 10, 15 and 
30 mg. 'Spansule' capsules. 


Smith Kline & French Laboratories © 1980 
Philadelphia, PA 


S le : go In patients with serious bacterial infection, the 
e cting choice of antibiotic therapy is usually made on the 
an amino cosid e basis of the effectiveness-to-risk ratio. This considera- 
+ tion is particularly important when an aminoglycoside ff 
wo Sum Uem antibiotic is indicated. 
uu cr te AL The activity of Nebcin® (tobramycin sulfate, Lilly) 
REESE e C bot u$ against a wide range of gram-negative organisms is 
now well known. A review of worldwide literature 
shows "that tobramycin has significant antibacterial 


activity and that it is the most potent of all aminogly- 
cosides against P. aeruginosa. The antibacterial 
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activities of tobramycin and gentamicin against mem- serious complicated and recurrent urinary 


bers of the Enterobacteriaceae are comparable, with tract infections 
each agent possessing slightly greater activity than the serious skin, bone, and soft-tissue infections, 
other against selected strains of any species. | including burns 
Nebcin is indicated in the treatment of caused by susceptible strains of the following 
septicemia microorganisms: Pseudomonas aeruginosa, 








serious lower respiratory infections 
gastrointestinal infections, including 
peritonitis 


Escherichia coli, Proteus sp. (indole-positive and 
indole-negative), Providencia, Klebsiella-Entero- 
bacter-Serratia group, Citrobacter sp., and 
staphylococci, including Staphylococcus aureus 
(coagulase-positive and coagulase-negative). 


i 
The proximal tubule 

The proximal tubule is the site in the 
renal system where aminoglycosides produce 
nephrotoxicity: 

An investigator has studied the urinary 
excretion of alanine aminopeptidase, a principal 
enzyme of the brush-border membrane of the proximal 
tubule? Levels of the enzyme become elevated in the 
urine as a result of toxic lesions in acute tubular necro- 
sis or of inflammatory processes in the kidney, such as 

rejection crisis. In measurements of the effect of amino- 
glycosides (administered for three consecutive days) on the excretion 
of this enzyme by healthy humans, tobramycin appeared to have a 
minimum effect on the brush-border membrane. 

Another investigative team has studied the relationship between 
tissue concentration and toxicity.? The toxicity of aminoglycosides 
may be related to the degree of their binding to tissue. Hence, 
aminoglycosides that accumulate less may be less nephrotoxic. 

All aminoglycosides are potentially nephrotoxic and ototoxic. 
Therefore, patients should be monitored closely when aminogly- 
cosides are being used. Patients with impaired renal function, the 
elderly, those with underlying disease, those with prior exposure to 
potentially nephrotoxic agents, and those with poor host resistance 
are at special risk. During clinical trials in 3506 patients treated with 
tobramycin, investigators reported drug-related nephrotoxicity in 
1.5 percent (53 patients).4 

In view of the effectiveness of Nebcin and the relatively low risk of 
nephrotoxicity, tobramycin can be an appropriate choice for patients 
requiring aminoglycoside therapy. 
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Nebcin’ 


tobramycin sulfate 


Summary of Prescribing Information 


WARNINGS 
Patients treated with Nebcin should be under close clinical observation, 
because tobramycin and other aminoglycoside antibiotics have an inherent 
potential for causing ototoxicity and nephrotoxicity. 

Both vestibular and auditory ototoxicity can occur. Eighth-nerve impairment 
may develop if patients have preexisting renal damage and if Nebcir is admin- 
istered for longer periods or in higher doses than those recommended. 

Tobramycin is potentially nephrotoxic. Renal and eighth-nerve function 
should be closely monitored in patients with known or suspected rera! 
impairment and also in those whose renal function is initially norma! but who 
develop signs of renal dysfunction during therapy. Such impairment may be 
characterized by cylindruria, oliguria, proteinuria, or evidence of nitrogen 
retention (increasing BUN, NPN, or creatinine). Evidence of impairment in 
renal, vestibular, or auditory function requires discontinuation of the drug 
or dosage adjustment. 

Nebcin should be used with caution in premature and neonatal infants 
because of their renal immaturity and the resulting prolongation of serum 
half-life of the drug. 

In the case of overdosage or toxic reactions, peritoneal dialysis or hemo- 
dialysis will help remove tobramycin from the blood. 

Serum concentrations should be monitored when feasible, and prolonged 
concentrations above 12 mcg/ml should be avoided. Urine should be 
examined for increased excretion of protein, cells, and casts. 

Concurrent and sequential use of other neurotoxic and/or nephrotoxic 
antibiotics, particularly streptomycin, neomycin, kanamycin, gentamicin, 
cephaloridine, paromomycin, viomycin, polymyxin B, colistin, and vanco- 
mycin, should be avoided. 

Nebcin should not be given concurrently with potent diuretics. Some 
diuretics themselves cause ototoxicity, and intravenously administered 
diuretics enhance aminoglycoside toxicity by altering antibiotic concentra- 
tions in serum and tissue. 

Usage in Pregnancy — Safety of this product for use during pregnancy has 
not been established. 


Description: Tobramycin sulfate, a water-soluble antibiotic of the aminoglycoside 
group, is derived from the actinomycete Streptomyces tenebrarius. Nebcin Injection is 
a clear and colorless sterile aqueous solution for parenteral administration. It is stable 
and requires no refrigeration. 

Indications and Usage: Nebcin is indicated for the treatment of serious infections 
caused by susceptible strains of the following microorganisms: Pseudomonas 
aeruginosa, Escherichia coli, Proteus sp. (indole-positive and indole-negative), 
Providencia, Klebsiella-Enterobacter-Serratia group, Citrobacter sp., and staphylococci, 
including Staphylococcus aureus (coagulase-positive and coagulase-negative). 

Nebcin is indicated in the treatment of septicemia; central-nervous-system 
infections, including meningitis; neonatal sepsis; serious lower respiratory infections; 
gastrointestinal infections, including peritonitis; and serious skin, bone, and soft-tissue 
infections, including burns, caused by the susceptible organisms listed above. Clinical 
studies have shown Nebcin also to be effective in serious complicated and recurrent 
urinary tract infections due to these organisms. Aminoglycosides, including Nebcin, 
are not indicated in uncomplicated initial episodes of urinary tract infections unless 


the-causative organisms are not susceptible to antibiotics having less potential toxicity. 


Nebcin may be considered in serious staphylococcal infections when penicillin or 
other potentially less toxic drugs are contraindicated and when bacterial susceptibility 
testing and clinical judgment indicate its use. 

Bacterial cultures should be obtained prior to and during treatment to isolate and 
identify etiologic organisms and to test their susceptibility to tobramycin. If suscepti- 
bility tests show that the causative organisms are resistant to tobramycin, other 
appropriate therapy should be instituted. In patients in whom gram-negative 
septicemia, neonatal sepsis, or meningitis is suspected, including those in whom 
concurrent therapy with a penicillin or cephalosporin and an aminoglycoside may be 
indicated, treatment with Nebcin may be initiated before the results of susceptibility 
studies are obtained. The decision to continue therapy with Nebcin should be 5ased on 
the results of susceptibility studies, the severity of the infection, and the important 
additional concepts discussed in the WARNINGS box above. 

Contraindication: A history of hypersensitivity to tobramycin is a contraindication 
to its use. 

Warnings: See WARNINGS box above. 

Precautions: Specimens should be collected during therapy for examination, as 
recommended in the WARNINGS box 

Neuromuscular blockade and respiratory paralysis have been reported in cats 
receiving very high doses of tobramycin (40 mg/kg). The possibility that prolonged or 
secondary apnea may occur should be considered if tobramycin is administered to 
anesthetized patients who are also receiving neuromuscular blocking agents, such as 
succinylcholine or tubocurarine. 

Cross-allergenicity among aminoglycosides has been demonstrated. 

If overgrowth of nonsusceptible organisms occurs, appropriate therapy should 
be initiated. 





Adverse Reactions: Nephrotoxicity — Renal function changes, as shown by rising 
BUN, NPN, and serum creatinine and by oliguria, cylindruria, and increased protein- 
uria, have been reported, especially in patients with a history of renal impairment who 
are treated for longer periods or with higher doses than those recommended. 

Neurotoxicity — Adverse effects on both the vestibular and auditory branches of the 
eighth nerve have been noted, especially in patients receiving high doses or prolonged 
therapy. Symptoms include dizziness, vertigo, tinnitus, roaring in the ears, and 
hearing loss. 

NOTE: The risk of toxic reactions is low in patients with normal renal function 
who do not receive Nebcin in higher doses or for longer periods of time than those 
recommended. 

Other reported adverse reactions possibly related to Nebcin include increased serum 
transaminase (SGOT, SGPT) and increased serum bilirubin; anemia, granulocytopenia, 
and thrombocytopenia; and fever, rash, itching, urticaria, nausea, vomiting, headache, 
and lethargy. 

Suggested Dosage Guides — I.M./1.V.: 

The usual duration of treatment is seven to ten days. 

Usual dosage for adults, children, and older infants (normal renal function) — 

3 mg/kg/day administered in three equal doses every eight hours. In life-threatening 

situations, the dosage may be increased up to 5 mg/kg/day administered in three or 

four equal doses. This dosage should be reduced to 3 mg/kg/day as soon as clinically 
indicated. (Refer to Table 1 for dosage schedule.) 

Dosage for neonates up to one week of age (normal renal function) — 
Up to 4 mg/kg/day may be given in two equal doses every 12 hours. 

Dosage guidelines for adult or pediatric patients with reduced renal function — 

After a loading dose of 1 mg/kg, subsequent dosage must be adjusted either with 

reduced doses at eight-hour intervals or with normal doses at prolonged intervals. 

To determine the reduced dose at eight-hour intervals, see the convenient nomogram 

in the package literature* To calculate normal dosage at prolonged intervals (if the 

creatinine clearance rate is not available and the patient's condition is stable), the 
following formula may be used: 
] mg/kg q (6x serum creatinine) h 

Neither regimen should be used when dialysis is being performed. 

l. V. Administration — The usual volume of diluent for adults is 50 to 100 ml, For 
children, the volume of diluent should be proportionately less than for adults. The 
diluted solution usually should be infused over a period of 20 to 60 minutes. 


*An alternate rough guide for determining reduced dosage at eight-hour intervais (for patients 
whose steady-state serum creatinine values are known) is to divide the normally recommended dose by 
the patient's serum creatinine. 


Table 1. Dosage Schedule Guide for Adults with Normal Renal Function 
(Dosage at Eight-Hour Intervals) 


Usual Dose for 
Serious Infections 


Maximum Dose for Life- 
Threatening Infections 
(Reduce as soon as possible) 
1.66 mg/kgq8h 
(Total, 5 mg/kg/day) 


For Patient 
Weighing 
kg Ib 


1 mg/kgq8h 
(Total, 3 mg/kg/day) 





*Applicable to al! product forms except Nebcin, Pediatric, Injection (see How Supplied) 


How Supplied: Ampoules (Vials) Nebcin* (tobramycin sulfate, Lilly), Injection, 80 mg 
(equivalent to tobramycin) per 2 ml, 2 ml, rubber-stoppered, in packages of 1 and 
Traypaks™(multivial cartons, Lilly) of 25. 

Ampoules (Vials) Nebcin, Pediatric, Injection, 20 mg (equivalent to tobramycin) per 
2 ml, 2 ml, rubber-stoppered, in packages of 1. 

Hyporets* (disposable syringes, Lilly) Nebcin, Injection, 60 mg (equivalent to 
tobramycin) per 1.5 ml, 1.5 ml, and 80 mg (equivalent to tobramycin) per 2 ml, 2 ml, 
in packages of 24. 

Each ml also contains 5 mg phenol as a preservative, 3.2 mg sodium bisulfite, O.1 mg 
edetate disodium, and water for injection, q.s. Sulfuric acid and/or sodium hydroxide 
may have been added to adjust the pH. [030476c] 


Additional information available to the profession 
on request from Eli Lilly and Company, 
Indianapolis, Indiana 46206. 


S ( ( 7 Eli Lilly Industries, Inc. 


Carolina, Puerto Rico 00630 
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Disseminated Intravascular Coagulation and 
Portal Hypertension Following Pancreatic 


Islet Autotransplantation 


DENIS G. MEHIGAN, F.R.C.S. (ED),* WILLIAM R. BELL, M.D.,t'§ GEORGE D. ZUIDEMA, M.D.,* 


A patient undergoing subtotal pancreatectomy and intraportal 
islet tissue autotransplantation for chronic pancreatitis de- 
veloped severe portal hypertension (49 cm of H,O) and acute 
disseminated intravascular coagulation (DIC). In an attempt 
to identify the cause of these problems, portal pressure and 
the activities of the coagulation and fibrinolytic systems were 
studied in dogs undergoing intraportal autotransplantation 
of islet tissue. Following intraportal injection of the pancreatic 
tissue in five control dogs, the portal pressure rose to a maxi- 
mum of 43.2 cm of H:O + 2.4 and major coagulation ab- 
normalities occurred. The mean hematocrit value fell to 18% 
+ 8.6, the mean platelet count to 218,000 + 31,000, the mean 
plasma fibrinogen to 40 mg/dl + 18, and the mean euglobulin 
clot lysis time (ECLT) to 25 min + 4. Partial thromboplastin 
time (PTT) became prolonged (233 secs + 30) and significant 
quantities of fibrinogen—fibrin degradation products (FDP- 
fdp) (1:128 + 32) appeared. These changes indicate the de- 
velopment of DIC probably secondary to significant amounts 
of tissue thromboplastin detected in the tissue homogenate 
infused at time of autotransplantation. In a group of seven dogs 
in whom heparin and Trasylol (aprotinin) were added to the 
pancreatic tissue at the time of transplantation, portal pressure 
rose only to a peak of 28.3 cm of H,O + 3.6 and no significant 
abnormalities occurred in mean hematocrit value, plasma 
fibrinogen, platelet count or ECLT. Minor prolongation of 
PTT occurred secondary to the activity of heparin. FDP-fdp 
(1:16) were present transiently during tissue injection. Four 
patients in whom heparin and Trasylol were added to the 
pancreatic tissue at the time of autotransplantation developed 
only minor elevations of portal pressure (mean 15.5 cm of H,O) 
without intravascular coagulopathy. 


caedi RESECTION of the pancreas is a highly 
effective method of relieving pain in certain pa- 
tients with chronic pancreatitis.'? When 95% resection 
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is necessary, however, diabetes mellitus invariably re- 
sults.? In an attempt to avoid this complication, several 
groups have combined 95% or total pancreatectomy 
with autotransplantation of the patient's pancreatic 
islets into the liver.5!?:*!? During the past two years 
this procedure has been performed in at least 15 pa- 
tients. During autotransplantation of the pancreatic 
islet tissue into the liver via injection into the portal 
vein, elevations of the portal venous pressure have 
been common, and at times marked.9:?!*.? This has 
also been noted in dogs undergoing pancreatic islet 
autotransplantation into the liver." Furthermore, one 
patient in our series in addition to a marked elevation 
in portal venous pressure concomitantly developed 
acute disseminated intravascular coagulation resulting 
in massive intraoperative bleeding. This clinical se- 
quence stimulated the study of the relationships of 
portal venous pressure and coagulation abnormalities 
in dogs undergoing islet autotransplantation. The 
findings have led us to modify our technique of islet 
autotransplantation in patients. 


Animal Studies 
Materials and Methods 


Conditioned mongrel dogs of either sex weighing 
between 9 and 12 kg were used. Anesthesia was in- 
duced using sodium pentothal (15 mg/kg) intravenously 
and maintained by positive pressure ventilation with 
oxygen and halothane (1—246). A right subcostal in- 
cision was made and the pancreas was distended by 
direct infiltration with 50 to 80 ml of a sterilized col- 
lagenase§ solution (150 U/ml). The pancreas was then 
removed preserving the pancreaticoduodenal vessels. 


0003-4932/80/0300/0287 $00.85 © J. B. Lippincott Company 


287 


288 


Following removal the pancreas was divided into 
pieces 5-10 mm in diameter and immersed in a modi- 
fied solution of Ringer's lactate (containing glucose 
100 mg/dl) at 4 C. The tissue was then finely minced 
using a mechanical counter-rotating self-sharpening 
scissors blade mincer.'^ The tissue was reduced to a 
particle size which would pass through a 15 gauge 
needle. The minced tissue was washed twice in modi- 
fied Ringer's lactate solution and allowed to settle. 
It was subsequently digested in a collagenase solution 
of 600 units/ml of minced pancreatic tissue for 20 min- 
utes in a shaking water bath at 37 C. The digested 
tissue was washed and centrifuged in cold modified 
Ringer's lactate solution four times and was then 
readied for autotransplantation by resuspension into 
a volume of cold (4 C) modified Ringer's lactate equal 
to one half the volume of minced collagenase di- 
gested tissue. 

Group I-controls. In five dogs the finely minced 
collagenase digested tissue was autotransplanted into 
the liver via the portal vein. The mean tissue volume 
was 17.3 ml + 2.9. A 14 gauge catheter was inserted 
directly into the portal vein and attached via ex- 
tension tubing and three way stopcock to a water manom- 
eter and a syringe. The suspension of pancreatic 
tissue was injected slowly through the cannula. One- 
third of the tissue was injected over ten minutes fol- 
lowed by a ten minute pause. This procedure was re- 
peated twice to accomplish injection of all the tissue. 
Portal pressure was measured at time 0, after the first 
injection (ten minutes), before the second injection (20 
minutes), after the second injection (30 minutes), be- 
fore the third injection (40 minutes), and after the 
third injection (50 minutes), and finally at 15 minutes 
after the third injection (65 minutes). 

Group II treatment group. In seven dogs the finely 
minced collagenase digested tissue (mean volume 18.0 
ml + 1.8) was autotransplanted into the portal vein 
as described for Group I, except that heparin and 
Trasylol (aprotinin" were added to the tissue suspen- 
sion just prior to injection. Heparin (beef lung) was 
added to achieve a concentration of 30 units/ml of sus- 
pended tissue and Trasylol to achieve a concentration 
of 200 units/ml of suspended tissue. 


Hematologic Studies 


Blood was drawn at various times during the pro- 
cedure for hemoglobin, hematocrit, platelet count, 
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prothrombin time, activated partial thromboplastin 
time, plasma fibrinogen, euglobulin clot lysis time 
(ECLT), and fibrinogen-fibrin degradation products 
(FDP-fdp). Samples were taken preoperatively, im- 
mediately following each of the ten-minute tissue in- 
jections, and at one and two hours after completion of 
the final injection. Blood for hematocrit value and 
platelet count was collected in glass tubes containing 
15% potassium ethylenediaminetetraacetic acid (1:100 
v/v). Blood for coagulation studies was collected into 
3.876 trisodium citrate (1:9 v/v) in glass tubes. Plasma 
was prepared immediately by centrifugation of the 
whole blood for 10 minutes at 1100 g at 4 C. 

Prothrombin times were measured on fresh plasma, 
using an acetone-dried rabbit brain preparation? (nor- 
mal dog control 7—9 seconds, normal human control 
14—16 seconds). The partial thromboplastin time was 
determined by the macrotechnique of Miale!9 using 
thrombofax reagent (Ortho Diagnostics, Raritan, New 
Jersey) (normal dog value 39-53 seconds, human 
value 80—100 seconds). The plasma fibrinogen con- 
centrations were measured by the technique of Clauss? 
or Ratnoff and Menzie.?' The normal dog and human 
range is 200—450 mg/dl of plasma. In those specimens 
taken while the animals were receiving heparin, ancrod 
was substituted for thrombin in the measurement of 
fibrinogen.'?* 

FDP-fdp were determined in serum from plasma 
clotted at 0 C for at least four hours, with an equal 
volume of a solution containing 0.1M epsilon amino- 
caproic acid (e-ACA), 0.025M calcium chloride, and 
5 NIH units of thrombin per milliter. Ancrod was 
substituted for thrombin to prepare serum from those 
plasma specimens containing heparin. Fibrinogen— 
fibrin degradation products were determined by a 
modification of the tanned erythrocyte hemaggluti- 
nation inhibition immunoassay of Merskey, Lalezari 
and Johnson'? modified for dog FDP-fdp with the use 
of formalinized and tanned human type O-negative 
erythrocytes coated with purified dog fibrinogen.? Re- 
sults were expressed as the highest serum dilution 
which prevented agglutination of fibrinogen-coated red 
cells by anti-dog fibrinogen antibodies. Anti-dog fibrin- 
ogen antiserum was prepared in New Zealand white 
rabbits. Normal values in our laboratory are 1:4 or 
less, dog and human. 

The euglobulin lysis time was measured according 
to the method described by Von Kaulla.? Normal 
value is greater than two hours, dog and human. 

Tissue thromboplastin activity in the supernatant 
of the minced dog pancreatic tissue was assayed by 
determining the capacity of the supernatant to shorten 
the clotting time of substrate dog plasma in the presence 
of 0.025M calcium chloride. This was performed ac- 
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cording to previously described techniques.^?' An 
appropriate dilution of normal dog plasma was selected 
so that when incubated in a 1:1 v/v mixture with 0.025M 
CaCl, at 37 C clotting took place at 230 + 10 seconds. 
In the test system this was incubated with the tissue 
supernatant in a 1:1:1, v/v/v mixture. In the control an 
equal volume of 0.85% NaCl was used instead of the 
tissue supernatant. 

Samples of the supernatant were taken while wash- 
ing the tissue: (1) following tissue mincing; (2) following 
collagenase digestion; and (3) following multiple fur- 
ther washings of the tissue. 

The significance of all results was assessed using 
either paired or unpaired Student's t-tests. 


Results 
Portal Pressure 


The resting portal venous pressure was similar in 
both groups with a mean of 8.1 cm of H,O in the control 
group and 8.9 cm of H;O in the treatment group. In 
both groups the portal pressure rose following each in- 
jection of pancreatic tissue and then fell during the in- 
terval following injections. Portal pressure reached its 
maximum mean of 43.2 cm of H0 in the control group 
at the completion of the third injection. The pressure 
returned to a mean of 34.6 cm of H,O 15 minutes after 
completion of the third injection and just prior to 
closure of the abdominal wound. Mean portal pres- 
sure also rose in the treatment group. However, the 
rises were not as high (Table 1) and from 30 minutes on 
were significantly lower than in the control group (p 
< 0.05). Peak portal pressure was only 28.3 cm of H,O 
following the third injection and fell to 20.4 cm of HO 
just before abdominal wound closure. 


Hematologic Studies 


Following the intraportal autotransplantation of 
pancreatic tissue significant changes occurred in the 
control group (Fig. 1). Mean hematocrit value fell from 
a preoperative level of 39-18% one hour after com- 
pletion of the tissue transplant. The mean preoperative 
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platelet count of 322,000 per cubic millimeter fell to 
218,000 per cubic millimeter at one hour and was 
224,000 per cubic millimeter at two hours following 
injection. Partial thromboplastin time was prolonged to 
223 seconds at two hours posttransplant from a mean 
preoperative value of 45 seconds. The plasma fibrino- 
gen fell from a mean preoperative value of 263 mg/dl 
to 40 mg/dl two hours after tissue injection. FDP-fdp 
were found in significant concentrations immediately 
following completion of injection, and were detectable 
at levels of 1:128 at two hours. ECLT shortened from 
90 minutes to 25 minutes at one hour and was 60 min- 
utes at two hours posttransplantation. Prothrombin 
time remained unchanged throughout. 

In the treatment group, in which heparin and Trasylol 
were added to the tissue infusate, this pattern of ab- 
normal changes was not seen. The mean hematocrit 
did not fall below 38%. Although mean partial thrombo- 
plastin time was prolonged to a maximum of 121 
seconds at one hour after injection due to the effect 
of heparin, it was 100 seconds at two hours which was 
significantly shorter than the mean of two hours in 
the control group (223 seconds). The lowest plasma 
fibrinogen seen was 207 mg/dl at one hour and rose 
to 291 mg/dl at two hours. The plasma fibrinogen was 
at all times after commencing injection significantly 
higher than in the controls. FDP-fdp were detectable 
at a titre of 1:16 immediately after the first injection, 
but never above 1:4 on subsequent measurements. 
Both platelet counts and ECLT were significantly dif- 
ferent in the control and treatment groups preopera- 
tively so that statistical comparisons of the two groups 
are not possible. In the treatment group, mean platelet 
count which was 221,000 per cubic milliliter before 
injection fell to a low of 196,000 per cubic milliliter 
after the second injection and was 235,000 per cubic 
millimeter at two hours after injection. Similarly the 
ECLT of 110 minutes before injection was lowest after 
the second injection (97 minutes) and was 120 minutes 
after two hours. In contrast to the control group, 
where a significant fall in platelet count and a significant 
rise in ECLT occurred, these changes were never 
statistically significant. 


TABLE 1. Portal Pressures in Dogs (cm of H50) Before, During and After Intraportal Injection of Dispersed Pancreatic Tissue 


Pre After Ist Before 2nd 
Injection Injection Injection 
Time 0 minutes 10 minutes 20 minutes 
Controls (N = 5) 8.1 + 0.6 27.8 + 5.7 19.7 + 3.9 
Treatment (N = 7) 8.9 + 0.9 19.9 + 1.7 Ba eis 
Significance* NS NS NS 


* Treatment vs. controls. Unpaired Student’s t-test. 


15 Minutes 

After 2nd Before 3rd After 3rd After 3rd 
Injection Injection Injection Injection 

30 minutes 40 minutes 50 minutes 65 minutes 
35.5 € 2 7] 28.7 E 3.6 43.2 + 2.4 34.6 + 3.0 
24.2 2 4,2 18.0 + 2.1 28.3 + 3.6 20.4 + 2.1 
p < 0.05 p < 0.025 p < 0.02 p < 0.005 
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FiG. 1. Coagulation studies in control and 
treatment dogs before, during and after intra- 
portal injection of dispersed pancreatic 
tissue. 
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All five of the control dogs died due to intraperi- 
toneal bleeding within 10 hours of the operation, and 
at autopsy were found to have pancreatic tissue 
and thrombus occluding the main portal vein and its 
branches. Histologic examination of liver sections 
from these dogs revealed that many of the intrahepatic 
portal veins were distended by pancreatic tissue frag- 
ments and detached cells in varying states of preser- 
vation ranging from histologically normal to markedly 
degenerated. In many veins the pancreatic elements 
were enmeshed in a fresh thrombus consisting of fibrin 
and blood cells (Fig. 2). In addition, some portal 
radicles were acutely congested and others were 
normal. Except for a mild degree of central congestion 
the hepatic parenchyma was normal. Two of the seven 
treated dogs died within 12 hours of surgery due also 
to intraperitoneal bleeding. The remaining animals 
were sacrificed at one week. None of these dogs had 
evidence of thrombus in their portal vein at autopsy. 


Tissue Thromboplastins 


Supernatant fluid sampled at the completion of each 
of the three stages (mincing, collagenase digestion, 
washing) of pancreatic tissue preparation contained 
significant thromboplastin as evidenced by its effect 
in shortening the recalcified clotting time (Table 2). 
This clotting time shortened in the control group from 


a control value of 228 seconds to 84 seconds after 
mincing and in the treated group from 245 seconds to 
130 seconds after mincing. The thromboplastin content 
in the supernatant fluid decreased after two further 
washings and collagenase digestion, with recalcified 
clotting times of 132 seconds in the control group and 
145 seconds in the treated group. Thromboplastin 
content in the supernatant fluid decreased even further 
after four postdigestion washes with Ringer's lactate, 
but was still detectable with clotting times of 174 
seconds in the control group and 185 seconds in the 
treatment group. These recalcified clotting times are 
all statistically significantly shorter at the p — 0.05 level 
when compared to control values. Since the final wash 
shortened the control recalcified clotting times by the 
same amount (2446) in each group, and the mean tissue 
volume was 17.3 ml in the control group and 18.0 ml 
in the treatment group, essentially identical amounts 
of thromboplastin were injected in each group. 


Clinical Experience 


Since August 1978, five patients with chronic pan- 
creatitis have undergone 95% pancreatectomy with 
autotransplantation of pancreatic islet tissue into the 
liver via injection into the portal vein. The pancreatic 
tissue was prepared for transplantation by the same 
technique as has been described in the dog studies in 
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FiG. 2. A branch of the intrahepatic portal 
vein distended by pancreatic acinar cells 
admixed with blood cells in a fibrin mesh. 
(Control Dog). 100x. 


this paper, except that the pancreas was not distended 
with collagenase in situ. One of our patients de- 
veloped a bleeding diathesis immediately following 
tissue injection at surgery and required the transfusion 
of 39 units of blood. In addition, his portal pressure, 
which prior to tissue injection was 6 cm of H;O, rose 
to 49 cm of HO following injection. The hematologic 
studies obtained identified the development of dis- 
seminated intravascular coagulation as the cause of 


^ the bleeding diathesis (Table 3). These changes re- 


solved with supportive therapy including fresh frozen 
plasma and blood replacement. The patient is now 
well and is normoglycemic on a regular diet one year 
later. 

Four patients have subsequently undergone 95% 
pancreatectomy with islet autotransplantation. Anal- 
ysis of tissue washings from these patients has shown 
shortening of recalcified clotting time similar to that 
seen in the dog studies (Table 4). 

The four patients all received heparin and Trasylol 
added to the tissue in the same proportions as in the 
dogs. Although some hematologic changes occurred in 
these patients (Table 3), in particular a fall in platelet 
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count to a mean of 90,000 at one hour after injection, 
the changes were much less marked than in the un- 
treated patient, and had returned to normal within 24 
hours. 

Portal pressures in these patients showed increases 
ranging from 9 to 27 cm of H,O with a mean of 15.5 cm 
of H,O above resting levels, as compared with the 
rise of 43 cm in the untreated patient. 


Discussion 


In 1973 it was first demonstrated'! that diabetes 
induced in small laboratory animals could be reversed 
by transplanting isolated pancreatic islets into the liver 
via injection into the portal vein. Although other trans- 
plant sites have been used,''? the liver appears to 
be the most effective site. In 1976 Mirkovitch and 
Campiche extended this work to dogs,'' and in addition 
found that it was not necessary to completely separate 
the pancreatic exocrine tissue from the islets prior to 
transplantation. Their technique requires only mincing 
of the whole pancreas, collagenase digestion, and 
multiple washings prior to portal vein injection. This 


TABLE 2. Recalcified Clotting Times (Seconds) of Plasma with Addition of Washing Fluid from Pancreatic Tissue Preparation in Dogs 


Group Control Postmincing Postcollagenase Digestion Postwashing 
Intraportal control (N — 5) 228 + 28 84 + Il (p < 0.01)* 132 + 7(p < 0.02)* 174 + 20 (p < 0.05)* 
Intraportal treatment (N = 7) 245 + 26 130 + 10 (p < 0.005)* 145 + 16 (p < 0.005)* 185 + 16 (p < 0.05)* 


* Paired t-test. Values compared to control. 
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TABLE 3. Coagulation Studies in One Untreated and Four Treated Patients Before and After Intraportal 
Transplantation of Pancreatic Islet Tissue 
SS MCCC eee eres 
Untreated Patient (J.J.) Treated Patients (4) 
————  —,»—————  J—— 





| hour | day | hour | day 
Post- Post- Post- Post- 
Preop transplant transplant Preop transplant transplant 
Prothrombin time (% activity) 100% 35% 50% 100% + 4 65% + 5 70% + 6 
PTT (secs.) (Normal 80-100 secs.) — 73 104 90 + 2 100 + 2 88 — 4 
Fibrinogen mg/dl (Normal 200—450 mg/dl) — 48 150 272 + 8 192 = 17 42] + 74 
FDP-fdp (Normal < 1:4) — 1:128 1:4 1:2 x 0.6 i322 7 1:8 + § 
Platelet count (per cubic millimeter) 
(normal 150,000— 400,000) 350.000 68.000 62,000 269,000 + 17 90,000 + 6 148,000 — 21 


technique greatly simplifies the procedure of islet 
preparation, and markedly increases the yield of islet 
retrieval. When this technique of partial islet isolation 
is used in pancreatic islet transplantation in dogs, 
portal hypertension invariably results. This portal 
hypertension is temporary and pressures return to 
normal by ten weeks."? 

During the past two years at least 15 patients with 
chronic pancreatitis have undergone 95% or total 
pancreatectomy with islet autotransplantation.5:!2:15.19 
The partial islet isolation technique of Mirkovitch and 
Campiche! has been used in each instance. In most 
of these patients marked portal hypertension has 
accompanied the islet injection into the portal vein, 
with portal pressure rising to as high as 60 cm of H,O. 
In one of our patients this portal hypertension was 
associated with the synchronous development of dis- 
seminated intravascular coagulation and massive 
bleeding. This stimulated us to study the possible 
association of portal pressure elevation and coagulation 
changes following pancreatic islet cell autotrans- 


plantation in the dog. In the control animals portal” 


pressure rose after each of the three equal injections 
of pancreatic tissue into the portal vein, reaching a 
peak of 43 cm of H,O following the third injection. 
The portal pressure fell following the peak after each 
injection, but not back to normal baseline levels. At 
the time of abdominal closure 15 minutes after the 
third injection, portal pressure in the control group was 
35 cm of HO. These elevations in portal pressure 
were accompanied by marked hematologic abnor- 


TABLE 4. Recalcified Clotting Times of Plasma (Seconds) 
with Addition of Tissue Washings from Pancreatic 
Tissue in Four Patients 





Control After Final 
(normal plasma) Postmincing Postdigestion Wash 


c —€—^————— MEZ 
248 + 18 68 + 7.5 90 $21] 128 + 33 


(p < 0.001)* (p < 0.02)* (p < 0.10)* 
"n ———————— HOD MM 
* Paired Student's t-test. Values compared tc control. 


malities. Significant falls in fibrinogen, platelet count 
and ECLT were seen. Marked rises in FDP-fdp 
occurred and the activated partial thromboplastin 
time became prolonged. These changes are similar to 
those seen in the syndrome of disseminated intra- 
vascular coagulation, and were accompanied by sig- 
nificant intraoperative and postoperative bleeding, a 
marked fall in hematocrit, and death in all animals 
secondary to hemorrhage. When the supernatants of 
the tissue washings collected during the various stages 
of tissue preparation were evaluated, significant 
thromboplastin activity was detected. This activity was 
highest after tissue mincing, indicating that large 
quantities of thromboplastin are probably released 
from the tissue injury resulting from mincing. The 
multiple subsequent washings significantly decreased 
the amount of thromboplastin activity present, but it 
was still detectable in measurable quantities in the last 
washings just prior to tissue injection into the portal vein. 

In the treatment group, with the addition of Trasylol 
and heparin to the pancreatic tissue prior to portal 
vein injection, portal pressure rose step wise after 
each injection in a pattern similar to the control group. 
However, the peak elevations after each injection were 
always lower, and they fell to levels lower than in the 
control group between injections. The hematologic 
responses in the treatment group were also markedly 
different from the control group. The hematologic 
picture of disseminated intravascular coagulation did 
not develop, the hematocrit value did not fall, and five 
of the seven dogs survived. In both the control and 
treatment groups equal amounts of tissue thrombo- 
plastin were injected into the portal vein during the 
process of pancreatic islet autotransplantation. In the 
control group portal pressure became elevated and 
disseminated intravascular coagulation occurred, 
whereas in the treatment group portal pressure ele- 
vations were significantly reduced and intravascular 
coagulation did not occur. It is thus tempting to specu- 
late that the portal vein pressure elevation and the 
intravascular coagulation are related, and that the 
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addition of heparin and Trasylol were effective in 
modifying these processes. Trasylol inhibits. the 
activity of many biologic enzymes and may have inter- 
fered with the activity of thromboplastins present. 
Trasylol could also have inhibited other vasoactive 
substances that were present, preventing a rise in 
portal venous resistance secondary to venospasm. 
Heparin, being locally in high concentration in the 
portal vein during tissue injection, could also have 
been effective in preventing the initiation of intravas- 
cular coagulation. It is postulated that in the control 
animals pancreatic tissue emboli in combination with 
multiple thrombi forming in portal venous branches 
secondary to thromboplastin activity result in sig- 
nificant portal hypertension and the clinical and he- 
matologic picture of intravascular coagulation. The 
combination of an elevated portal pressure and a con- 
sumptive coagulopathy is particularly conducive to 
abdominal hemorrhage. In the treatment group the 
pancreatic tissue emboli also resulted in portal pressure 
elevation, but in the absence of clots forming in portal 
venous radicles, the elevations were less evident, the 
hematologic values remained stable, and marked 
bleeding occurred in only two of seven animals. 

The changes occurring in one of our patients (J.J.) 
following pancreatic islet tissue autotransplantation 
were very similar to those occurring in the control 
dogs. Portal pressure elevated to 49 cm of H:O, the 
hematologic picture of disseminated intravascular 
coagulation developed and the patient bled massively. 
Subsequently, following the animal experiments pre- 
sented in this study, Trasylol and heparin have been 
added to the pancreatic tissue in the four patients 
prior to autotransplantation. Peak portal pressure 
elevations in these four patients have ranged from 9 
to 27 cm of H,O and there has been no evidence of any 
significant coagulopathy and postoperative bleeding. 

Thus, both the animal and the clinical data support 
the concept that thromboplastins are released from 
injured cells during the preparation of pancreatic tissue 
for autotransplantation. Furthermore, it appears that 
this thromboplastin activity results in thrombi being 
formed in portal venous radicles that, at least in part, 
are responsible for portal venous pressure elevations 
that follow. In addition, hematologically the picture 
of disseminated intravascular coagulation develops and 
massive bleeding results. Finally, these changes are 
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moderated or prevented by the addition of Trasylol 
and heparin to the tissue preparations prior to injection. 
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Rectal Mucosal Replacement 


DONALD A. PECK, M.D. 


Preservation of the rectum in chronic ulcerative colitis or 
familial polyposis conserves continence at the risk of re- 
current disease or malignant change. Replacement of rectal 
mucosa with a graft of ileum in these benign colonic 
mucosal diseases conserves fecal continence without the threat 
of continuing disease or the development of carcinoma. Rectal 
mucosal replacement with construction of a rectal reservoir 
includes total colectomy, removal of the rectal mucosa—sub- 
mucosa and its replacement with an ileal graft. A rectal 
reservoir is constructed when intestinal continuity is restored. 
Twenty-nine patients have undergone rectal mucosal replace- 
ment; 12 for familial polyposis and 17 for ulcerative colitis. 
Twenty-five patients have had intestinal continuity restored. 
Patients have been followed from three months to seven years 
after the restoration of intestinal continuity. Twenty-three 
patients have a satisfactory result. Fecal continence has been 
preserved. Patients pass an average of six stools in a 24 
hour period. 


RESERVATION OF THE RECTUM in chronic ulcerative 
P colitis or familial polyposis conserves continence 
at the risk of recurrent disease or malignant change. 
Replacement of rectal mucosa with a graft of ileum 
in these benign colonic mucosal diseases conserves 
fecal continence without the threat of continuing dis- 
ease or the development of carcinoma. 

Ravitch and Sabiston’ described anal ileostomy in 
1947 as an attempt to conserve continence in patients 
with ulcerative colitis and familial polyposis. Anal 
ileostomy has been reported periodically with variable 
results. Motility of the rectal segment in an anal 
ileostomy is altered and may be ileal in character. 
The preservation of ileal intestinal function and the 
absence of a rectal reservoir may yield less than 
optimal results. 

The technique of rectal mucosal replacement was 
developed to eliminate ileal persistalisis and pre- 
serve rectal muscular function.? Subsequent studies 
in the dog independently confirmed Glotzer's? con- 
clusion that anoderm is essential for fecal continence 
while rectal mucosa may be sacrificed without dis- 
turbing normal continence. 
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The author's initial clinical experience with rectal 
mucosal replacement suggested the need for a rectal 
reservoir. In 1968 the first patient had continuity 
restored as an end-to-end anastomosis without a 
reservoir. Frequent stools and nocturnal incontinence 
prompted diversion one month later. Subsequent 
investigation using dogs who underwent mucosal re- 
placement, colectomy and the construction of a rectal 
reservoir resulted in healthy animals with satisfactory 
continence. In 1971 the first patient had an isolated 
rectal reservoir constructed. If functioned satisfactorily 
and intestinal continuity was restored six months 
later. 


Operative Technique 


Rectal mucosal replacement with the construction 
of a rectal reservoir is a two-stage operative pro- 
cedure. The first stage has an abdominal and an 
anorectal phase. The abdominal portion of the pro- 
cedure includes total colectomy, removal of the rectal 
mucosa-submucosa, preparation of an ileal graft, 
proximal fixation of the graft and diversionary ileos- 
tomy. The anorectal phase includes the removal of the 
remaining rectal mucosa-submucosa and distal fixa- 
tion of the graft. Three months after Stage I intestinal 
continuity is restored and a rectal reservoir con- 
structed via a long side to side ileorectal anastomosis. 


Stage I: Total Colectomy with Rectal Mucosal 
Replacement and Ileostomy 


Patients are prepared for surgery with mechanical 
colonic cleansing and antibiotic bowel preparation. 
The colon is removed to the upper rectum preserving 
the superior hemorrhoidal artery. The rectal mucosa 
and submucosa are separated from the muscularis of 
the rectum from the level of the sacral promontory 
to the anoderm (Fig. 1). The rectal lumen may be 
entered during the course of this dissection and con- 
tamination of the muscularis can occur. The rectal 
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muscular tube is irrigated with antibiotic solution. 
Systemic antibiotics are administered routinely. 

The plane of dissection between the rectal muscle 
and submucosa may be scarred and partially obliterated 
in the following conditions: 1) inflammatory disease 
extending beyond the submucosa to involve the 
muscularis, 2) fulguration of polyps producing punctate 
scarring and 3) endometriosis involving the rectum. 

In patients 1—9 the ileal graft was prepared by re- 
moving the seromuscular coat from a six inch length 
of terminal ileum as illustrated in Figure 2. The 
mesenteric blood supply was preserved. Difficulty in 
graft preparation was encountered if an attempt was 
made to separate the seromuscular coat from the sub- 
mucosa of the chronically distended terminal ileum in 
patients with an established ileoproctostomy. Previous 
abdominal surgery and small bowel adhesions were 
associated with difficulty in separating the sero- 
muscular coat of the ileum from its submucosa. Sharp 
dissection was necessary in several patients. During 
graft preparation the mucosa-submucosa may be dis- 
rupted. Small tears were easily repaired with fine 
absorbable suture. 

The ileal graft described in the preceding para- 
graph was associated with the loss of a portion of the 
distal graft in two patients and distal anorectal stricture 
in three others. These complications prompted mod- 
ification of the graft in order to better preserve its 
blood supply. In the remaining 20 patients the ileal 


Fic. 2. Preparation of a 
graft of ileal mucosa—sub- 
mucosa with preservation 
of its blood supply. (A) 
The ileum is supported ona 
stent and the seromuscular 
layers are incised. (B) The 
seromuscular layer is re- 
moved, except for small 
areas through which fine 
branches of the mesenteric 
artery and vein reach the 
submucosa. (C) Completed 
graft. 
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Fic. 1. The colon has been divided at the level of the sacral 
promontory. The rectal mucosa—submucosa is separated from the 
muscularis. The arrow indicates traction on the mucosa—submucosa. 
Traction on the muscularis tended to tear it and was avoided. 


graft was prepared without removing the seromuscular 
layer. A 1 cm strip of serosa and a portion of the 
muscularis were removed from the antimesenteric 
border of the terminal ileum as illustrated in Figure 
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FiG. 3. Prepared ileal graft. A 1.0 cm strip of serosa and a portion 
of the muscularis were removed from the antimesenteric border. 


3. This modification of the original technique has 
simplified the operative procedure. 

The proximal end of the ileal graft is closed and 
the graft is placed within the muscular rectal tube 
(Fig. 4). The ileum is anastomosed to the upper margin 
of the seromuscular cuff of the rectum. A diversionary 
ileostomy is constructed and the abdomen is closed. 

The patient is turned to the prone jackknife position 
and the remaining rectal mucosa—submucosa is re- 
moved (Figs. 5 and 6). A circumferential incision at 
the level of the Crypts of Morgagni is deepened 
to the circular muscular layer. Dissection in the 
plane between the submucosa and the muscularis is 
continued cephalad until all of the remaining rectal 
mucosa-submucosa has been excised. The graft is 
brought down and fixed distally using interrupted 
absorbable sutures uniting the ileal graft to the 
anoderm (Fig. 7). Drains are placed in the space 
between the ileal graft and the muscularis of the 
rectum. 


Stage II: Restoration of Intestinal Continuity with a 
Rectal Reservoir 


Viability of the graft is checked three weeks post- 
operatively. Retention enemas are started six weeks 
after Stage I. These enemas gently distend the 
grafted rectum and confirm continence. The length 
and configuration of the grafted rectum are further 
evaluated via proctoscopy and a contrast enema. 

Intestinal continuity is restored three months after 
Stage I. The grafted rectum is mobilized and divided 
longitudinally on its ventral or antimesenteric sur- 
face. The ileostomy is taken down and the terminal 
ileum is divided longitudinally on its antimesenteric 
border (Fig. 8). A two-layer longitudinal anastomosis 
between the terminal ileum and the grafted rectum 
forms a rectal reservoir (Fig. 9). 
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Clinical Material 


Thirty-one patients have been candidates for rectal 
mucosal replacement— 18 with chronic ulcerative 
colitis and 13 with familial polyposis. Twenty-nine 
patients have undergone rectal mucosal replacement 
and 25 of the 29 have had intestinal continuity re- 
stored with the construction of a rectal reservoir. 
Rectal mucosal replacement was combined with total 
colectomy in 13 patients while the remaining pa- 
tients underwent colectomy from one to 19 years 
prior to mucosal replacement. 


Familial Polyposis 


Twelve patients with familial polyposis have under- 
gone rectal mucosal replacement. These patients are 
summarized in Table 1. Their ages range from 12 to 





FiG. 4. The ileal graft has been placed within the rectal muscular 
tube. The distal graft has been tied to the stump of rectal mucosa 
and will be pulled through the sphincter during the perineal phase 
of Stage I. 
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FiG. 5. (A) A circumferential incision has 
been made at or a few millimeters above 
the level of the Crypts of Morgagni. (B) 
The remaining rectal mucosa has been re- 
moved and the graft of ileum protrudes 
from the anus. (C) The graft of ileum has 
been sutured to the anoderm. 


5] years with an average of 29.3 years. There are 
eight men and four women in the polyposis group. 
These patients are members of eight polyposis families. 
Nine of the 12 patients underwent total colectomy 
and ileoproctostomy 1— 19 years prior to rectal mucosal 
replacement. One-half of the patients in this series 
did not have routine fulfuration of rectal polyps prior 
to mucosal replacement. Repetitive fulguration of 
polyps adversely affects the cleavage plane between 
the muscularis and the submucosa of the rectum. 
The thirteenth patient with familial polyposis was a 
61-year-old woman who had had repetitive fulguration 
of rectal polyps during the 29 year interval between 
scheduled rectal mucosal replacement and colectomy 
with ileoproctostomy. Scarring between the muscularis 
and submucosa was so severe that the cleavage plane 
was almost totally obliterated and it was not possible 
to separate the muscularis from the submucosa. 
Proctectomy and permanent ileostomy were performed. 
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Chronic Ulcerative Colitis 


Seventeen patients underwent rectal mucosal re- 
placement for chronic ulcerative colitis of 1.3—19 years 
duration, an average of 9.4 years. The colitis group 
is summarized in Table 2. Their ages range from 21 
to 55 years with an average of 34.4 years. There were 
eight men and nine women in the colitis group. Ten 
patients underwent total colectomy and rectal mucosal 
replacement as a single operative procedure. Seven 
patients underwent colectomy and ileostomy from five 
months to three years prior to rectal mucosal replace- 
ment. The proximal portion of the retained rectum 
was either closed or managed as a mucous fistula. 

Patients with granulomatous or Crohn's colitis are 
not candidates for rectal mucosal replacement. The 
pattern of the colitis and the absence of granulomatous 
change in both the resected colon and a preoperative 
rectal biopsy were carefully considered in the selection 





FiG. 6. The diagramatic illustration of the removal of the distal 
rectal mucosa-submucosa. (A) Incision at or just above the 
Crypts of Morgagni. (B) Separation of the submucosa and 
muscularis with traction on the mucosa-submucosa. (C) Com- 
pleted dissection. 


of patients for mucosal replacement. The severity of 
rectal inflammation varied among the patients in this 
group. Inflammatory disease may extend beyond the 
mucosa to involve the muscularis of the rectum. In 
general the removal of the mucosa and submucosa 
was more difficult in the colitis group than in patients 
with familial polyposis. Patient 13 had multiple areas 
of severe inflammation. During the course of the rectal 
dissection a portion of the muscularis of the rectum 
was sacrificed in a patchy fashion. Patients with 
ulcerative colitis of shorter duration generally have 
less severe inflammatory reaction. 

An eighteenth patient with ulcerative colitis of 14 
years duration was explored as a candidate for rectal 
mucosal replacement. A linitis platica carcinoma of the 
transverse colon with metastasis limited surgery toa 
total proctocolectomy and ileostomy. The rectal dis- 
Section used in this patient followed the technique 
of rectal resection for benign disease.5 The rectal 
mucosa and submucosa were removed and the proximal 
portion of the rectal seromuscular tube was closed. 
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Results 


Twenty-five patients have been followed from 
three months to 7.7 years following the restoration of 
intestinal continuity with construction of a rectal 
reservoir. Periodic reevaluation via examination and 
proctoscopy has been supplemented by a questionnaire. 

Fecal continence includes the ability to defer def- 
ecation and to distinguish solid, liquid and gas. 
Continence includes nocturnal control and should be 
functional with both liquid and solid stool. 





FiG. 7. The grafted rectum at the completion of Stage I. 
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Fic. 8. (A) The terminal ileum has been divided longitudinally 
on its antimesenteric surface. (B) The grafted rectum has been 
divided longitudinally on its ventral or anterior surface. 


Patients were evaluated with specific reference to 
1) discrimination, 2) deferral, 3) stooling frequency, 4) 
nocturnal continence, 5) leakage and 6) patient 
satisfaction. 


Discrimination 


Discrimination refers to the ability to distinguish 
mush, liquid or gas. Twenty-three of 25 patients re- 
tained that function after rectal mucosal replacement. 
The remaining patients had difficulty distinguishing 
liquid stool from gas, however this did not adversely 
effect the overall results. 


Deferral 


All patients were able to defer defecation for 
variable periods of time ranging from five minutes 
to 12 hours. Most patients were able to defer stooling 
for one to two hours. Many patients reported an oc- 
casional urge to stool that was so strong that it had 
to be answered immediately. 
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Fic. 9. An anastomosis between the terminal ileum and the grafted 
rectum forms a rectal reservoir. 


Frequency 


A tabulation of the frequency of stooling is listed in 
Tables 1 and 2. Patients with familial polyposis had 
an average of 5.0 stools in 24 hours, while the colitis 
group passed an average of 6.7 stools during the same 
time period. 


TABLE 1. Familial Polyposis 








Case Colec- Continuity 

No Age Sex tomy RMR Restored Result 
l. 24 M 1966 7/68 10/71 4-6 SD 
3. 13 M 1970 8/73 11/73 1-2 SD 
4. 38 F 1968 9/74 12/74 10 SD 
7. 39 M 1956 8/75 6/76 4 SD 
8 34 M 1957 8/75 11/75 3-4 SD 
10 12 M 1970 12/75 6/76 s SD 
15. 38 F Sept., 1976 3/77 5-6 SD 
19. 18 M 1968 1/77 6/77 4-7 SD 
22. 43 F June, 1978 12/78 4-5 SD 
23. 14 F June, 1978 1/79 5-6 SD 
24. 21 M 1976 8/78 12/78 5 SD 
29. 51 M 1961 2/79 


TABLE 2. Chronic Ulcerative Colitis 





Case Colec- Continuity 
No Age Sex tomy RMR Restored Result 
ra 53 F 1972 2/73 5/73 6 SD 
s. 49 M 1972 3/75 12/75 4-10 SD 
6. F4 M May, 1975 10/75 3-4 SD 
9. 33 M 1974 10/75 5/76 6 SD 
|l. 4] M May, 1976 12/76 3-4 SD 
12. 36 M 1973 5/76 10/76 10-12 SD 
13 55 M July, 1976 10/77 Failure 
14. 35 F Sept., 1976 10/77 8-9 SD 
16. 31 F Nov., 1976 
17. 31 F Dec., 1976 3/77 4-5 SD 
18. 24 F Jan., 1977 6/77 Failure 
20. 26 F Aug., 1977 12/77 6-8 SD 
21 23 F 2/77 9/77 7/78 4-5 SD 
25. 35 F 4/78 9/78 3/79 12-14 SD 
26. 21 F 10/77 9/78 12/78 5-7 SD 
rd 39 M Dec., 1978 
28. 31 M Jan., 1979 





A gradual reduction in stooling frequency occurs 
following Stage II. The most significant change occurs 
in the initial six months, however continued im- 
provement has been recorded for up to two years. 


Nocturnal Continence 


Continence of stool during sleep in patients with an 
ileoproctostomy or rectal mucosal replacement most 
probably depends on the resting tone of the internal 
anal sphincter and its relationship to the elasticity or 
adaptability of the rectal wall. Liquid ileal content 
enters the rectal reservoir. Continence is maintained 
by the intact internal sphinter reinforced by the 
external sphincter and puborectalis muscles. When the 
volume within the rectum exerts sufficient pressure 
the patient is awakened and defecates voluntarily. 

Eleven patients sleep through the night while nine 
routinely awaken and pass an average of 1.6 stools 
per night. Three patients occassionally awaken to stool 
approximately one night per week. 

Leakage or seepage of a small quantity of mucous 
or fecal material was reported frequently in the im- 
mediate postoperative period. As recovery progressed 
the frequency and severity diminished or disappeared 
completely. Of the 23 successful patients who have 
had continuity restored 21 had no leakage during the 
day and eleven were completely free of nocturnal 
leakage. Two patients had some leakage both night 
and day. Only four patients had soiling of sufficient 
severity to prompt the use of a protective pad. 

The discharge of a significant quantity of ileal con- 
tent onto normal skin results in severe excoriation. 
In all patients described in the preceding paragraph 
the anoderm and perineal skin has remained healthy. 
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Patient Satisfaction 


Patients have expressed great satisfaction with the 
results of this operative procedure. In order to 
evaluate results more objectively the following criteria 
were established to classify results as excellent, good, 
fair or failure. 

Excellent. An excellent result was recorded if a 
patient was able to discriminate, defer defecation pass 
no more than six stools in 24 hours and have no 
leakage. Ten patients (40%) enjoy an excellent result. 
Six of the ten were polyposis patients. 

Good. The criteria for a good result included the 
ability to defer defecation, a stooling frequency of up 
to ten stools in 24 hours and minimal leakage. Eleven 
patients (44%) were classified as a good result. Six of 
the eleven were ulcerative colitis patients. 

Fair. Results in two patients (8%) were considered 
fair. These patients passed 11 or more stools in 24 
hours and were more troubled with leakage. The ability 
to discriminate and to defer defecation was preserved. 

Failure. Any complication leading to the re-es- 
tablishment of an ileostomy led to inclusion in this 
classification. There have been two failures in this 
series (8%). 

Patient number thirteen had severe inflammatory 
disease involving the rectal muscularis. Patchy por- 
tions of that muscle were sacrificed with the rectal 
mucosa-submucosa. Continuity was restored as a 
clinical trial. Poor continence following Stage II failed 
to improve over the next 14 months. A permanent 
ileostomy was established in December of 1978. 

Patient 18 had intestinal continuity restored in June 
of 1977. A good result followed. She passed eight 
stools in 24 hours, was able to discriminate and to 
defer defecation. In November of 1978 a posterior 
fissure in ano was treated surgically. The closure of 
an anterior rectovaginal fistula and a diversionary 
ileostomy were performed in March of 1979. Ab- 
dominal exploration did not reveal Crohn's disease, 
however the pattern of anal inflammation strongly 
suggests granulomatous disease. 


Complications 


Twenty-one of the 29 patients in this series had one 
or more postoperative or late complications following 
rectal mucosal replacement. Table 3 lists the com- 
plications occurring within thirty days of surgery. 
Table 4 outlines problems related to rectal mucosal 
replacement occurring later than one month after 
operation. There has been no operative mortality in 
this series. The tables separate patients 1—9 from the 
remaining patients. A reduction in the frequency of 
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complications in patients 10—29 suggests that modifica- 
tion of the ileal graft and/or increased clinical ex- 
perience may be responsible for the decrease in the 
incidence of complications. 

Postoperative complications include the many varied 
problems associated with major abdominal surgery. In 
seven patients hemorrhage between the mucosal graft 
and the muscularis of the rectum was usually fol- 
lowed by purulent infection. Rectal irrigation with a 
1% Neomycin solution and systemic antibiotics was 
effective therapy. Three of these patients developed 
the late complication of stenosis with loss of a part 
of the distal graft. In two other patients anal stenosis 
followed bleeding and infection. 

Partial separation of the anastomosis between the 
mucosal graft and the anoderm occurred in two 
patients. Healing by secondary intention was not 
followed by narrowing of the lumen. The postopera- 
tive rectovaginal fistula followed an unplanned vaginal 
entry in patient 21 during the anterior rectal dissec- 
tion of Stage II. A trial of hyperalimentation was 
followed by ileal diversion and closure of the fistula. 
An excellent result was reported after the restoration 
of intestinal continuity. 


Late Complications 


The most significant complication following Stage I 
is the loss of a portion of the graft. Progressive 
rectal stenosis is associated with shortening of the 
ileal segment. This complication probably results from 
a loss of blood supply to the graft. Each of the five 
patients with this problem had rectal reconstruction 
during Stage II. The stenotic distal graft was divided 
longitudinally to the muscularis. Any scarring or 
stenosis of the muscular layer was incised and the 


TABLE 3. Postoperative Complications 


Patients Patients 
1-9 10—29 Total 
Hemorrhage & infection (between 
graft & muscularis) 3 
Ileus 3 
Distal anastomotic separation 
Wound infection l 
Anastomotic leak 
Atelectasis l 
Intraperitoneal bleeding l 
Loss of ileostomy-partial l 
Rectovaginal fistula l 
Thrombocytopenia & bleeding l 
Thrombosed hemorrhoid l 
Transient neuropathy l 


—— bo 4 


EI 


Total 9 13 
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TABLE 4. Late Complications 


Patients Patients 


1-9 10-29 Total 


N 


Anorectal stricture 4 
Intestinal obstruction 4 
2 
9 


m 
UJ — 


(surgical) (2) 
Loss of distal graft with stenosis 
Distal anastomotic separation l 
Fissure in ano 
Incontinence (fecal) 
Mucosal flap obstruction 
Rectovaginal fistula 


— 
— 


-—— 
c — o — o — o 
N 
a 


Total 11 


distal rectum dilated. The longitudinally divided ter- 
minal ileum was anastomosed to the grafted rectum 
and the anoderm. A temporary loop ileostomy was 
fashioned in three of the five patients to protect the 
anastomosis. The final results have been good to 
excellent in these patients. 

Anorectal stricture refers to narrowing of the distal 
anastomotic line of sufficient severity to require sur- 
gical correction. Each of these patients was treated 
via proctoplasty. The stenosis was incised vertically 
and closed transversely in two or more areas. 

Four patients had five bouts of intestinal obstruction 
following Stages I or II. One patient had an adhesive 
obstruction treated surgically two months after Stage I. 
A second obstruction in the same patient was treated 
by operation 16 months after Stage II. A second pa- 
tient with adhesive obstruction required surgery. Two 
patients with obstruction responded to medical man- 
agement. 

Distal separation of the ileorectal anastomosis oc- 
curred six weeks after Stage II and was associated 
with an intramural abscess. Therapy included systemic 
and topical antibiotics with a short period of hyper- 
alimentation. 

Mucosal flap obstruction refers to a patient's in- 
ability to empty the rectal reservoir when straining 
because a fold or valve of mucosa occludes the 
lumen. Transanal excision of the mucosal valve re- 
lieved the problem. The remaining late complications 
are referred to in the discussion of patients with 
unsatisfactory results. 


Synchronous Disease 
Carcinoma 


Two patients in this series had carcinoma treated 
as a part of colectomy and rectal mucosal replace- 
ment. Patient 14 had ulcerative colitis of 12 years 
duration. A poorly differentiated adenocarcinoma of 
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the rectosigmoid was removed in 1976 during Stage I. 
The tumor had extended through the bowel wall to the 
serosal layer. There was no evidence of metastasis 
to the lymph nodes. To date there has been no evi- 
dence of recurrent or metastatic cancer. 

Patient 15, a 38-year-old woman with familial poly- 
posis, underwent colectomy and rectal mucosal re- 
placement in 1976. A well differentiated polypoid 
adenocarcinoma with early invasion of the submucosa 
was in the resected colon. To date there has been 
no evidence of recurrent or metastatic cancer. 


Mesenteric Fibroma 


Five of the 12 polyposis patients had one or more 
mesenteric fibromata observed at operation. Most of 
these lesions involved the mesentery of the small 
intestine as a tumor mass. Resection of one or more 
tumors in three patients was performed to facilitate 
rectal mucosal replacement or to avoid impending 
obstruction. 


Fecal Continence Mechanisms 


Fecal continence includes the ability to defer 
defecation to a convenient time and place and the 
ability to discriminate between solid. liquid, and 
gas. The universal acceptance of ileorectal anastomosis 
as a technique which conserves fecal continence sug- 
gests that the mechanisms of fecal continence lie 
within the anorectum. 

A bolus of stool or flatus entering and distending 
the normal rectum results in relaxation of the internal 
sphincter (receptive relaxation) and similtaneous con- 
traction of the external sphincter, puborectalis and 
levator ani muscles. Relaxation of the internal sphincter 
permits the sensory nerves located within the anoderm. 
described by Duthie and Gairns! to be exposed to 
the fecal bolus permitting discrimination between solid. 
liquid and gas. The external sphincter, puborectalis 
and levator ani muscles maintain their sustained 
contraction for only 30—45 seconds. In that interval 
the internal sphincter returns to its resting tone and 
the rectum adapts to the fecal bolus. Defecation may 
then be initiated at a convenient time and place. 

An essential feature of this continence mechanism 
is the myenteric plexus of the muscular wall of the 
rectum which transmits the stimulus to the internal 
sphincter for receptive relaxation. The rectal muscular 
wall must be sufficiently elastic so the rectum may 
function as a reservoir. The anoderm with its nerve 
endings must be intact. The external sphincter, the 
puborectalis and the levator ani muscles must func- 
tion normally. Disruption of any of these features will 
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impair continence. The mucosa and submucosa of the 
rectum may be sacrificed without impairing fecal con- 
tinence. 

Nocturnal fecal continence in the patient with an 
ileorectal anastomosis follows gradual rectal adaption 
to an enlarging liquid fecal bolus. Nocturnal fecal con- 
tinence is maintained as long as pressure within the 
rectum does not exceed the resting tone or resistance 
of the internal sphincter. The loss of elasticity or 
adapability of the rectal wall may disrupt nocturnal 
fecal continence. 


Discussion 


Less than optimal results with anal ileostomy as 
described by Ravitch and Sabiston? prompted in- 
vestigation designed to eliminate ileal peristalsis and 
preserve rectal muscular function. In 1968 the first 
patient in this series had continuity restored by an 
end-to-end anastomosis. Frequent stools and nocturnal 
incontinence prompted diversion one month later. 
The grafted rectum functioned as a semirigid tube. The 
reservoir was developed to restore rectal function to 
the grafted rectum. Normal elasticity of the full thick- 
ness of ileum which makes up the anterior half of the 
reservoir re-established the relationship between the 
rectal wall and the internal sphincter, external sphincter 
and puborectalis muscles preserving the fecal con- 
tinence mechanism. 

A large series reported by Martin et al.* described 
a two stage technique of mucosal proctectomy and its 
replacement with ileum. Martin's patients needed a 
long period for adjustment suggesting gradual develop- 
ment of the terminal ileum as a reservoir. 

The rectal muscular tube lined with ileum does not 
have normal peristaltic activity. It functions as a 
semirigid conduit similar to the short segment type 
of Hirschprung's disease. The absence of a significant 
megaileum proximal to a grafted rectum probably 
results from the passage of liquid to mushy stool. 
Three dogs were followed for one year after rectal 
mucosal replacement and the restoration of intestinal 
continuity as described in an earlier report.? The colon 
was anatomosed to the grafted rectum. At autopsy 
megacolon and stercoral ulceration were observed 
in these animals. 

Satisfactory modification of the grafted rectum via 
construction of the rectal reservoir using the technique 
described in Stage II prompted the application of this 
technique to five patients with Hirschprung’s disease. 
The aganglionic rectum was preserved and divided 
anteriorly and longitudinally to the level of the internal 


sphincter. A long side-to-side anastomosis of innervated * 
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colon completed the composite rectum. These pa- 
tients have satisfactory fecal continence. 

Ferrari and Foukalsrud? reported the construction 
of a reservoir proximal to a grafted rectum in a single 
patient. Their patient had very frequent stools and 
ileitis distal to the reservoir, perhaps due to a 
partial functional obstruction. Utsunomiya® has con- 
structed a “J shaped ileal reservoir that is placed 
within the rectal muscularis during the first operation. 
The limited elasticity of the grafted rectum may limit 
reservoir function in Utsunomiya's patients. 


Summary 


The technique of rectal mucosal replacement with 
the construction of a rectal reservoir has been de- 
scribed. Seventeen patients with chronic ulcerative 
colitis and 12 patients with familial polyposis have 
had rectal mucosal replacement. Twenty-five patients 
have had continuity restored with the construction 
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of a rectal reservoir. Eighty-four per cent of these 
patients have good to excellent results. 
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Irradiation Induced Salivary Gland Neoplasia 


STEPHEN F. SENER, M.D., EDWARD F. SCANLON, M.D. 


Twenty-six patients with a prior history of irradiation for 
benign conditions of the head and neck and Salivary gland 
abnormalities are reported. All the patients had preoperative 
physical findings suggestive of tumor, not glandular infection. 
Forty-six per cent of the patients had one carcinoma and 11% 
had two carcinomas within the irradiated field. Eight of the 11 
malignant tumors in these 26 patients were in the parotid 
gland. The nonmalignant salivary changes were similar to 
those previously reported in glands receiving therapeutic 
irradiation for carcinoma. 


INCE THE REPORT of Duffy and Fitzgerald,? the 
S relationship between irradiation of the head and 
neck for benign conditions and carcinoma has 
been extensively studied. Although a causal effect 
of irradiation has not been proven, several distinct 
lines of evidence have implicated this particular en- 
vironmental stimulus as a factor in the development 
of benign and malignant glandular abnormalities. 
Thyroid,?5:*? parathyroid,^* and salivary gland*^? 
tumors have been reported with increased frequency 
in those patients with prior radiation exposure in in- 
fancy and childhood. 

Reports of disease occurring in the glands other than 
the thyroid began appearing in 1960 when Saenger, 
et al.'" reported on 1,644 patients treated with irradia- 
tion, in whom there were 11 thyroid tumors and one 
carcinoma of the parotid and submaxillary glands. 
The cases of Hiroshima and Nagasaki residents pre- 
senting with salivary gland tumors between 1945 and 
1971 were recently reviewed.'* Of the 62 patients who 
were actually exposed to the atomic bomb explosion, 
31 had benign and 31 had malignant tumors. In those 
patients alive at the time but not directly exposed to 
the explosion, there were 95 benign and 31 malignant 
tumors. The incidence of salivary gland tumors in- 
creased with proximity to the explosion hypocenter. 
Schneider, et al.!! reported 27 salivary gland tumors in 
1,922 patients who had previously received tonsillar 
and peritonsillar irradiation for benign conditions. 
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There were 19 benign and eight malignant tumors in 
this group, of which 23 were in the parotid gland, 
and two were in the submaxillary and minor salivary 
glands respectively. In this series, radiation exposure 
was less than 750 R in 70% of the patients. 

We wish to report the findings in 26 patients who 
presented with salivary gland abnormalities after re- 
ceiving radiation to the head or neck for benign con- 
ditions. 


Materials and Methods 


From 1968 to 1978, 26 patients with a prior history 
of irradiation were referred for evaluation. There were 
six male and 20 female patients in the group. All of 
these patients had salivary gland changes which on 
preoperative physical examination were suggestive of 
tumor. There were three patients who developed a 
second salivary gland abnormality requiring surgical 
excision during this time interval. Thorough evaluation 
of the other susceptible glands in the head and neck 
region, as well as the breasts, was carried out and 
these findings are also reported. 


Results 


The median age of these 26 patients was 48 years 
at the time of surgery, with latent interval between 
irradiation and surgical evaluation being 25 years. 
The age at time of irradiation ranged from three to 56 
years, with a median of 18 years. The most common 
reason for therapeutic radiation was acne or some other 
skin condition in the head or neck region (Table 1). 


Salivary Gland Neoplasias (Table 2) 


Eight of the 11 malignant tumors in these 26 patients 
arose in the parotid gland. The histopathologic findings 
of these malignant tumors included four mucoepider- 
moid carcinomas, two adenocystic carcinomas. a 
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TABLE 1. Types of Irradiation in 26 Patients Developing 
29 Salivary Gland Tumors 


Glandular Changes 





Type Malignant Nonmalignant 
So uM- LLL LL AA AL LZ nen 
Acne or other skin condition 8 B 
T&A 2 5 
Other | 2 


Up e 


malignant mixed tumor, and a synovial sarcoma. The 
remaining three malignant tumors arose in minor 
salivary glands, where the histopathologic findings 
were mucoepidermoid carcinomas in two patients and 
adenocystic carcinoma in the third. 

The other 18 salivary gland abnormalities included 
11 benign mixed tumors of the parotid and unusual 
histopathologic changes in seven glands (Table 3). 
Four of these seven were parotid glands with the fol- 
lowing primary histologic findings: oncocytic neoplasia 
(1), atypical metaplasia (1), focal sialadenitis (1), 
Mikulicz’s syndrome (1). The remaining three were 
submaxillary glands in which only sialadenitis was 
found. 


Nonsalivary Gland Neoplasia (Table 4) 


Twelve of the 26 patients were operated on during 
the time interval of this study for 13 clinically sus- 
picious abnormalities in areas other than the salivary 
glands. Two of the eight thyroid glands which were 
removed were malignant. Three of the thyroid glands 
had focal thyroiditis and one had atypical hyperplasia 
and thyroiditis. The remaining nonsalivary gland 
tumors were a parathyroid adenoma, focal ductal 
hyperplasia, and papillomatosis of the breast, a tubular 
carcinoma of the breast, and a basal cell carcinoma. 


Discussion 


[n a previous report from this institution? on poly- 
glandular neoplasia of the head and neck in irradiated 
patients, there were 13 salivary gland tumors in associ- 
ation with eight parathyroid adenomas and eight 


TABLE 2. Twenty-nine Salivary Gland Tumors in 26 Patients 
Previously Irradiated for Benign Conditions 


i —— 


Tumor 
Gland Inflammatory 
Location Malignant Benign Changes 

Bees eee ees 
Parotid 8 B 4 
Submaxillary 0 0 3 
Minor salivary 3 0 0 
Total B B 7 
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TABLE 3. Predominant Histopathology in Seven Salivary 
| Glands from Irradiated Patients 
al 

Parotid 
atypical metaplasia l 
oncocytic metaplasia l 
sialadenitis l 
Mikulicz's syndrome | 

Submaxillary 
sialadenitis 3 


ie 11i1!. 


thyroid gland tumors. We also subsequently reviewed 
74 consecutive cases of parathyroid adenoma.” In this 
group, 25% gave a history of prior radiation exposure 
to head and neck. The group of matched control pa- 
tients had an incidence of 7.9%. Thyroid abnormalities 
were present in 68% of these patients, and 30% of these 
thyroid glands were malignant. When associated tu- 
mors of skin, breast, and salivary glands were included, 
47% of the patients had a carcinoma within the field 
of irradiation. The frequent finding of several glands 
with malignant changes in the same patient is indicative 
of the polyglandular biological potential in the irradi- 
ated group. 

Busuttil! reported on the inflammatory changes in 
salivary glands of patients who had previously re- 
ceived radiotherapy for a malignant tumor. Although 
the radiation exposure was much greater in his patients 
than in those treated for benign conditions, the non- 
malignant changes in the salivary glands were similar 
to those found in our group of patients. Oncocytic 
and atypical metaplasia, sialadenitis and thyroiditis, 
and fibrosis of nonspecific nature were present in 
glands following therapeutic radiation for both malig- 
nant and benign conditions. The frequent association 
of these nonmalignant changes with a history of pre- 
vious irradiation suggests a causal relationship, al- 
though the chances for malignant degeneration of these 
changes are unknown. 

All seven patients in this series whose pathologic 
examination showed nonneoplastic changes were 
thought to have salivary gland tumors on clinical 
examination preoperatively. The physical findings 
were usually confined to a portion of the gland, and 


TABLE 4. Associated Tumors Occurring in the Radiated Field of 
26 Patients with Salivary Gland Tumors 


i 0 On 


Location Malignant Benign 


nn 
Thyroid 
Parathyroid 
Breast 
Skin 
Lung 


B&|lo--ew 


6 
| 
l 
0 
| 
9 


Total 
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there was usually no tenderness or a history to sug- 
gest inflammation. 

Because of the incomplete radiation records of these 
patients, it is not possible to determine what level 
of exposure is critical to the development of these in- 
flammatory changes and tumors. Nor is it possible 
to determine the absolute risk of developing these 
changes in the irradiated population. However, it 
does seem that once an abnormality of a gland in the 
irradiated field appears, the chances of other glands 
in the field developing inflammatory changes or tumors 
are increased. 
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Parenteral Safflower Oil Emulsion (Liposyn 10%) 


Safety and Effectiveness in Treating or Preventing Essential Fatty Acid 


Deficiency in Surgical Patients 


BRACK A. BIVINS, M.D.,* ROBERT P. RAPP, PHARM.D.,T KENNETH RECORD, PHARM.D.,T 
H. C. MENG, M.D., PH.D.,t WARD O. GRIFFEN, JR. M.D., PH.D." 


The safety and effectiveness of a 10% safflower oil emulsion 
in treating or preventing essential fatty acid deficiency was 
tested in a prospective study of 15 surgical patients requiring 
total parenteral nutrition for two to four weeks. Three dosage 
regimens were evaluated including: Group I: 4% of calories 
as linoleate daily (five patients), Group II: 4% of calories as 
linoleate every other day (two patients), and Group III: 
8% of calories every other day (eight patients). Patients were 
monitored for laboratory changes from baseline specifically 
in those areas where previous fat emulsions have caused 
serious deviations. No significant changes were noted in 
hematologic parameters, coagulation studies, cholesterol and 
triglyceride serum levels. Although there were sporadic mild 
deviations in liver function changes in several patients, no 
clinically significant adverse effects could be directly at- 
tributed to infusion of the fat emulsion. Three patients had 
baseline triene/tetraene ratios of 0.4 or greater, indicative of 
essential fatty acid deficiency, and these ratios dropped to 
less than 0.4 within eight days of beginning therapy with the 
parenteral fat emulsion. The remaining 12 patients main- 
tained a normal triene/tetraene ratio of less than 0.4 
throughout the 28 day study period. All three dosage regimens 
were considered effective for treatment and prevention of 
essential fatty acid deficiency. 


HE FOUR-CENTURY-OLD search for the means of 
T providing nutrition for repletion, growth and de- 
velopment by intravenous infusion has come to fruition 
within the past decade. Dudrick, Wilmore, Vars and 
Rhoads demonstrated that parenteral nutrition could 
be achieved with a hypertonic solution of glucose and 
amino acids. Almost at the same time European 
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investigators began reporting similar successes utiliz- 
ing a combination of fat, glucose and amino Bods” 
The addition of intravenous fat emulsion to the hyper- 
tonic glucose and amino acid system seemed to be a 
logical step since fat offers the advantages of 1) being 
a concentrated source of energy with 9 kcal/g, 2) 
being a source of essential fatty acids, and 3) being 
isotonic even in concentrations of up to 30%." 
Unfortunately intravenous fat emulsions vary widely 
in terms of clinical acceptability depending on the 
source of the fat and the preparation of the emul- 
sion.2"!3-17-18.22 For example, LIPOMUL.,* a cotton seed 
oil emulsion, introduced into clinical use in the 1940's 
proved to be unacceptable because of toxic re- 
actions including the often lethal "fat overload 
syndrome. ?:?:75 More recent emulsions such as the 
10% soybean oil emulsion (INTRALIPID® 10%) are 
much more acceptable due to the use of a nontoxic 
emulsifying agent (egg phospholipid) and a smaller 
fat particle (0.5 micron diameter) which aids plasma 


clearance.^!^!9?? Yet, adverse effects of the 10% 
soybean oil emulsion including the "fat overload syn- 
drome,” have been reported.! ?*:!! 2? Since the hyper- 


tonic glucose and amino acid system was successful 
in the management of a wide variety of medical, 
surgical and pediatric patients there was little initial 
enthusiasm for adding intravenous fat to parenteral 
nutrition regimens in this country. 

However success in treating actual and potential 
protein—calorie malnourished patients with hypertonic 
solutions has led to the recognition of essential fatty 
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TABLE |. Summary of Study Groups 


———————————————— C LLL 


Duration of 


Clinical Problem Sex Age Therapy (Days) 
Group I: 4% of calories as linoleate 
daily 
patient number: 
009 Multiple enterocutaneous fistulas M 35 28 
012 Duodenal fistula secondary to gunshot wound F 19 28 
015 | Regional enteritis with entero-vesical fistula F 18 28 
016 Chronic pancreatitis M 32 28 
041 Radiation enteritis F 54 21 
Group II: 446 of calories as linoleate 
every other day 
patient number: 
050 Bowel obstruction secondary to ovarian cancer 58 21 
051 Chylous ascites 65 21 
Group III: 8% of calories as linoleate 
every other day 
patient number: 
177 Small bowel obstruction following radiation therapy F 72 24 
178 Enterocutaneous fistula M 2d PA 
179 Bowel obstruction secondary to recurrent adenocarcinoma F 64 22 
180 Entero-vaginal fistula F 52 27 
181 Pancreatic fistula F 357 14 
194 Perineal enterocutaneous fistula F 39 15 
195 Severe malnutrition with gastric fistula M 39 15 
196 Severe malnutrition with prolonged ileus M 39 15 


Eee 


acid deficiency as an important and frequent clinical 
problem. The syndrome of essential fatty acid de- 
ficiency is manifest clinically by scaly skin, poor wound 
healing, sparse hair growth, hepatic and renal damage, 
increased capillary fragility and thrombocytopenia. ^? 
Essential fatty acid deficiency is due to an absence 
of dietary linoleic acid which cannot be synthesized 
endogeneously in man. Once thought to be an oddity 
in laboratory animals with little or no clinical sig- 
nificance, essential fatty acid deficiency has been 
shown to occur in patients within two or four weeks 
without a dietary source of fat.®!>?! 

The demonstrated need for fat in total parenteral 
nutrition has prompted a reappraisal of the role of 
intravenous fat in nutrition and a search for safe and 
effective emulsions. This is a report of the safety and 
effectiveness of such a new fat emulsion, a 10% 
safflower oil emulsion (LIPOSYN 10925), 


Materials and Methods 


The study design was that of an unblinded, non- 


crossover evaluation of the effectiveness of three 


dosage regimens of a 10% safflower oil emulsion in 
treating and preventing the biochemical signs of es- 
sential fatty acid deficiency. Eighteen surgical patients 
with significant gastrointestinal tract dysfunction who 
were anticipated to require from two to four weeks of 
total parenteral nutrition were accepted into the study 
after informed consent was obtained. Three patients 
required less than 14 days of parenteral therapy and 
were withdrawn from the study. The clinical charac- 


teristics of the 15 patients who completed the study 
and form the basis of this report are summarized in 
Table 1. All patients in the study received hypertonic 
glucose and crystalline amino acids (AMINOSYN®) 
with electrolytes, vitamins and minerals added as 
clinically indicated. Group I (five patients) received 
4% of their daily requirement of calories as linoleate. 
Group II (two patients) received 4% of their daily 
caloric requirement as linoleate every other day. Group 
III (eight patients) received 8% of their daily caloric 
requirement as linoleate every other day. 

The 10% fat emulsion studied contains: safflower 
oil, 10%; egg phosphatides, 1.2%; and glycerin, 2.5% 
in water for injection. The fatty acid components of 
safflower oil are: linoleic, 7796; oleic, 1396; palmitic, 796; 
and stearic, 2.5%. The emulsion has an osmolarity of 
approximately 300 mOsm/liter and contains emulsified 
fat particles approximately 0.4 microns in diameter. 
The caloric value is 1.1 kcal/dl of which 0.675 kcal/dl 
are derived from linoleic acid.§ 

The hypertonic glucose-amino acid solution was 
administered through a central venous catheter with 
rate of infusion controlled by an IVAC 530® infusion 
pump. The fat emulsion was administered through a 
low plasticizer administration set' into a peripheral 
vein. The rate of infusion was controlled with an IVAC 
530* infusion pump or a gravity feed controller (IV AC 
230*) at 1 ml/minute for the initial infusion of fat and 
not exceeding 1.66 ml/minute for subsequent infusions. 





8 Abbott Laboratories Data for LIPOSYN. 
Abbott Laboratories Fat Administration Set. 
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The study patients were monitored continually dur- 
ing the lipid infusions. Vital signs were recorded at 
frequent intervals. A urine specimen was obtained at 
the midpoint of each infusion. Blood was drawn for 
hematologic and chemical determinations at baseline 
before entry into the study, two hours following the 
initial infusion and weekly thereafter until the last 
study day when two hour and 24 hour postinfusion 
specimens were obtained. 

Plasma total fatty acid patterns were determined by 
gas liquid chromatography, and the triene/tetraene 
ratio calculated on the ratio of 5,8,11 eicosatrienoic 
acid (20:3w9) to arachidonic acid (20:4w6). Patients 
having a triene/tetraene ratio of 0.4 or above were 
considered to be essential fatty acid deficient. The 
absolute level of linoleic acid (18:2w6) was measured 
to ascertain that the fat emulsion provided adequate 
amounts of essential fatty acid, and that it was being 
utilized. 


Results 
Safety Studies 


The most frequently encountered adverse effects 
in these patients were nausea and vomiting (16 oc- 
currences), fever or chills (13 occurrences), and vein 
irritation (10 occurrences). Patient No. 009 developed 
itching with some welts on the back and chest on day 
18 accompanied by nausea, vomiting and chills. Fat 
was not infused on day 20 and 21, but was restarted 
on day 22 and subsequent infusions were well tolerated. 
These symptoms were probably not attributable to the 
fat emulsion. 

Vital signs. Blood pressure, pulse rate, and respira- 
tion rate did not deviate significantly from the baseline 
values. Several patients in all study groups had tem- 
perature elevations between 37.8C and 38.9C at some 
time during the study; however, febrile reactions did 
not appear to be correlated with the infusion of the 
fat emulsion. 

Urinalysis. Most urine examinations were negative 
with the exception of occasional red blood cells per 
high power field on microscopic examination. One 
patient (No. 041) had trace positive urine hemoglobin 
on study days eight and nine. 

Hematology. Hemoglobin levels were below the 
normal range for each group of patients at entry into 
the study and remained low but essentially unchanged 
in all groups throughout the study period. Platelet 
counts varied considerably with the mean increasing 
from baseline values in Group III on day 15 and in 
Group II on day one. However, in Group I, a con- 
sistent fall from baseline levels to day 15 occurred; 
there was little change throughout the remainder of the 
study. Neutropenia was not observed in any of the 15 
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study patients. The differential white cell count did not 
vary from baseline levels with the following excep- 
tions: patient No. 178 had an eosinophil count of 
1206 on day 15; patient No. 181 had an eosinophil 
count of 7% on day seven; patient No. 15 had 
eosinophil counts of 6 and 8% on days 15 and 22; 
three patients had a single elevation of the monocyte 
count. 

Coagulation studies. There were no significant in- 
creases in either the partial thromboplastin time or 
the prothrombin time among the three groups of 
patients. One patient in Group II received 1000 units 
of heparin in each liter of total parenteral nutrition 
solution and in each liter of peripheral I.V. fluids, 
and had an elevation of the partial thromboplastin 
time on day seven of the study. 

Liver function tests. Total bilirubin, alkaline phos- 
phatase, serum glutamic-oxalacetic transaminase 
(SGOT), serum glutamic-pyruvic transaminase (SGPT), 
and serum lactic dehydrogenase (LDH) were mon- 
itored in each group of study patients. The results 
of these tests are reported in Figures 1—3. In the two 
largest groups of patients, Group I and Group III, 
there were minor variations of the transaminases but 
no consistent increase occurred. Alkaline phosphatase 
and LDH did not increase from baseline levels. Total 
bilirubin in these two groups did rise from baseline 
levels with the largest increase occurring on day 27 
in Group III. However, there were only two patients 
left in this group at 27 days and neither showed 
either clinical jaundice or other elevated liver function 
tests which would be consistent with toxicity. In 
Group II, alkaline phosphatase, SGPT, SGOT, and 
LDH rose above the baseline level and above the 
normal laboratory values for these tests. Total bilirubin 
values, however, did not increase. 

Serum cholesterol and triglycerides. Serum cho- 
lesterol levels stayed below the normal range of 150— 
250 mg/dl for all patients in all dosage groups with a 
single exception. Patient No. 051 had a single elevated 
cholesterol of 282 mg/dl two hours after infusion on 
day one. Over the course of the next three weeks, 
the cholesterol level decreased reaching 173 mg/dl on 
day 21. 

All baseline serum triglyceride levels were within 
the normal limits before the study began. During the 
study 66 serum triglyceride determinations were 
made at weekly intervals; 11 of the 66 were elevated 
above 190 mg/dl. Elevations occurred in each dosage 
group and followed no consistent pattern. 


Effectiveness 


Group I: four per cent of calories as linoleate daily 
(five patients). The plasma total fatty acid compositions 


310 


TOTAL BILIRUBIN (4) 





mg/dl 





ALKALINE PHOSPHATA SE 





(5) (5) dis 
s ff 9 6 
1 Bem 


U/L 
© 
- 





U/L 
Ol 5 Cn 
oO OO © 
IX d. a a Ca (ae Sa 


n5 
© 





U/L 
bh o 
Oo o 
v T 

—o0 
e 


U/L 





0 
BASE- | I5 28 
LINE | DAYS d | | 


2 HRS. POST - INFUSION I8- e 
ic Oe 
FIG. 1. Liver function tests in Group I: 4% of calories as linoleate 
daily. 


in these patients are shown in Table 2. Patients No. 009 
and 015 had baseline linoleic acid values which increased 
through study day eight then remained constant. 
The percentage of linoleic acid decreased over the 
first eight study days in patients No. 016 and 041, but 
returned to baseline for patient No. 041 by study day 
22 and remained constant for patient No. 016. The 
mean and extreme linoleic values in these patients 
show either an increase or maintenance of linoleic 
values (Fig. 4). 

The percentage of arachidonic acid increased for all 
patients in Group I (Fig. 5). Two patients (Nos. 009 
and 015) had baseline triene/tetraene ratios of 0.4, 
indicative of essential fatty acid deficiency, but by 
study day eight the ratio had dropped to less than 
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0.4 (Fig. 6). Ratios for the remaining three patients 
were at or near zero. 

Group II: four per cent of calories as linoleate 
every other day (two patients). The plasma total 
fatty acid composition for these two patients is shown 
in Table 3. Linoleic values decreased slightly from 
baseline in patient No. 050 during the study period, 
but more than doubled in patient No. 051. Levels of 
5,8,11 eicosatrienoic acid were not reported for patient 
No. 050, but declined steadily in patient No. 051. 
Triene/tetraene ratios in patient No. 051 decreased 
from the deficiency level of 1.09 at baseline to 0.03 
by study day 22. 

Group III: eight per cent of calories as linoleate 
every other day (eight patients). The total fatty acid 
compositions for all patients in this group are shown 
in Table 4. Although linoleic acid values for seven of 
the eight patients were decreased from baseline on 
study day eight, subsequent values were stable or in- 
creased (Fig. 7). Eicosatrienoic acid levels varied 
considerably within this group, but arachidonic acid 
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every other day. 


levels were sufficient to keep the triene/tetraene ratios 
below 0.4 (Fig. 8). 


Discussion 


Palmitoleic and oleic acids are not essential in the 
diet of man because the tissues are capable of intro- 
ducing a single double bond into the corresponding 
fatty acid. Experiments with labeled palmitate have 
demonstrated that the label enters freely into palmitoleic 
and oleic acid but is absent from linoleic and arachidonic 
acids. These latter fatty acids cannot be synthesized 
in man and must be supplied in the diet in order to 
maintain health. Although the essential fatty acids are 
not synthesized from other sources linoleate can be 
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TABLE 2. Plasma Total Fatty Acid Composition(%) for 
Group I: 4% of Calories as Linoleate Daily 








Pa- Eicosat- Arachi- 
tient Linoleic rienoic donic Triene/ 
Num- Time Acid Acid Acid Tetraene 
ber Period (18:2W6)  (20:3W9)  (20:4W6) Ratio 
009 . Preinfusion 5.50 1.80 4.70 0.100 
day 8 13.40 1.40 7.10 0.200 
day 15 14.80 — — 0.000 
day 22 11.50 0.30 8.50 0.040 
day 28 14.40 0.20 9.30 0.020 
012 Screen 21.10 0.00 4.10 0.000 
Preinfusion 23.80 0.00 4.50 0.000 
day 8 19.50 0.00 5.50 0.000 
day 15 27.50 0.00 3.20 0.000 
day 22 21.30 0.00 5.10 0.000 
day 28 23.10 0.00 7.80 0.000 
015 Preinfusion 4.10 1.60 4.30 0.400 
day 8 21.20 1.00 9.40 0.100 
day 15 12.10 0.20 6.90 0.030 
day I5 20.00 0.40 10.70 0.040 
day 22 20.60 0.40 12.40 0.030 
day 28 19.30 0.80 9.00 0.100 
016 Preinfusion 27.90 0.10 8.40 0.010 
day 8 15.70 0.00 8.00 0.000 
day I5 15.40 0.00 8.20 0.000 
day 22 14.90 0.00 9.00 0.000 
day 28 11.10 0.00 8.50 0.000 
041 Preinfusion 21.30 1.00 8.80 0.100 
day 8 7.10 0.50 7.70 0.000 
day 15 7.00 0.00 10.00 0.000 
day 22 19.00 — 7.00 0.000 


converted to arachidonate first by dehydrogenation to 
linolenate followed by the addition of a two carbon 
unit and further dehydrogenation to arachidonate.!'? 
The nutritional requirement for arachidonate may thus 
be spared provided there is adequate linoleate in the 
diet. The liver is the main organ responsible for the 
interconversion of these fatty acids. Therefore liver 
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toxicity is a primary concern where the safety of a 
new intravenous fat emulsion is being evaluated. 
Although patients have been treated with central vein 
synthetic amino acids and hypertonic dextrose solu- 
tions for almost a decade many metabolic disturbances 
still occur. Most frequently reported are abnormalities 
in liver function tests even in the absence of infused 
fat.^" Elevation of alkaline phosphatase, SGOT, 
bilirubin occur and coincide with morphologic changes 
such as deposition of glycogen, fat and periportal 
steatosis. These elevations of enzymes tend to be 
transient and return to baseline in several days even 
when hypertonic nutrition is continued. Reversal of 
these liver function abnormalities has also followed the 
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TABLE 3. Plasma Total Fatty Acid Composition(%) for Group II: 
4% of Calories as Linoleate Every Other Day 


eee 


Pa- Eicosat- Arachi- 
tient Linoleic rienoic donic Triene/ 
Num- Time Acid Acid Acid Tetraene 
ber Period (18:2W6) (20:3W9)  (20:4W6) Ratio 
050 Preinfusion 19.9 — 8.3 0.00 
day 8 [1:5 = 73.5 0.00 
day 16 11.6 = 6.0 0.00 
day 22 17.3 - 7. 0.00 
051 Preinfusion 4.5 2.30 2.1 1.09 
day 8 10.4 1.50 3.9 0.38 
day 16 10.6 0.13 2.5 0.05 
day 22 10.2 0.08 2.8 0.03 


———ŘŘ—_—_ 0 7 


institution of cyclic total parenteral nutrition and the 
hepatic steatosis has disappeared when fat oil emul- 
sions are added to the feeding regimen.'?'5 [n the 
patients studied during treatment with the safflower oil 
emulsion there were transient changes in the trans- 
aminases in Groups I and III (Figs. 1—3). Bilirubin 
also rose in these two groups, but in no case was 
jaundice clinically apparent. It was impossible to 
separate these changes in transaminases and bilirubin 
from what might be seen from amino acid and dex- 
trose infusion. Within the limits of the study there was 
no significant hepatotoxicity associated with infusion 
of the fat emulsion. 

Appropriate distribution and utilization of high 
energy lipids requires transport of a large quantity of 
hydrophobic material in the serum. an aqueous media. 


FiG. 6. Triene/Tetraene Ratios: 
Group I: 4% of calories as 





linoleate daily. O []: 
patient 9. O --- O: patient 12. 
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TABLE 4. Plasma Total Fatty Acid Composition(%) for Group HI: 
8% of Calories as Linoleate Given Every Other Day 


une 





Pa- Eicosat- Arachi- 
tient Linoleic rienoic donic Triene/ 
Num- Time Acid Acid Acid Tetraene 
ber Period (18:2W6) (20:3W9) (20:4W6) Ratio 
mmm 
177 Preinfusion 22.2606 — 8.7% 0.00 
day 8 12.7 0.0 5.9 0.00 
day 16 20.1 Trace 6.3 0.00 
day 22 28.5 0.0 9.2 0.00 
178 Preinfusion 34.1% 0.0 6.8 0.00 
day 8 16.7 0.38 8.5 0.05 
day 16 16.0 0.83 9.3 0.09 
day 22 13.0 0.34 11.2 0.02 
Postinfusion 15.4 0.13 6.7 0.02 
179 Preinfusion 41.9 0.00 8.8 0.00 
day 8 12.1 0.37 8.2 0.04 
day 16 16.1 0.00 7.3 0.00 
day 22 13.9 0.40 8.8 0.05 
180 Preinfusion 254 0.00 10.7 0.00 
day 8 11.30 0.25 6.5 0.04 
day 16 15.2 0.29 6.0 0.05 
day 22 11.5 0.22 5.3 0.04 
Postinfusion 14.6 0.29 8.3 0.03 
181 Baseline 13.7 1.10 7.8 0.14 
Preinfusion 14.7 0.63 7.9 0.079 
day 8 10.0 0.85 11.3 0.08 
day 14 12.4 0.64 9.2 0.07 
194 Baseline 14.90 0.55 5.66 0.09 
Preinfusion 21.62 0.54 7.947 0.07 
day 8 16.73 0.72 11.03 0.06 
195 Preinfusion 33.65 1.54 4.62 0.33 
day 8 7.91 2:014 8.20 0.25 
day 16 15.8 1.08 6.59 0.16 
196 Preinfusion 7.77 0.35 4.20 0.08 
day 8 12.85 0.14 4.27 0.03 
day 16 13.79 0.26 4.76 0.05 
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This is resolved by associating the more insoluble 
lipids with phospholipids and protein to form a 
hydrophilic lipoprotein complex. This is the manner 
that triglycerides derived from intestinal absorption 
of fat. from the liver, or by intravenous injection 
are transported in the blood as chylomicrons and very 
low density lipoproteins. Serum lipid profile determina- 
tions during the fat emulsion infusions demonstrated 
no consistent elevations which would indicate poor 
clearance of the safflower oil emulsion. 

Although the high caloric content of fat coupled 
with its low osmolarity make it an attractive addition 
to nutritional schemes, the only well defined indica- 
tion for intravenous fat is the treatment or prevention 
of essential fatty acid deficiency.?!*?!7* This deficiency 
has been defined biochemically by a ratio of the triene 
eicosatrienoic acid (20:3w9) to the tetraene arachidonic 
acid (20:4w6) of 0.4 or greater. With a fat free diet 
arachidonic acid decreases to very low levels allow- 
ing the elongation and desaturation of oleic acid 
(18:1w9) to form eicosatrienoic acid (20:3w9). This 
elongation and desaturation is not thought to occur in 
the presence of even small amounts of the w6 acids 
so that a rise in the triene/tetraene ratio is a sensitive 
indicator of essential fatty acid deficiency. 

Using the triene/tetraene ratio, three patients (Nos. 
009. 015. and 051) had biochemical evidence of es- 
sential fatty acid deficiency at the time of entry into 
the study. They had no clinical signs or symptoms 
of fatty acid deficiency. After eight days utilizing the 
10% safflower emulsion as 4% of caloric requirements 
on a daily basis for patients Nos. 009 and 015 and 
4% every other day for patient No. 051 the triene/ 
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tetraene ratio had fallen below 0.4 in all three pa- 
tients. The 10% safflower oil emulsion was effective in 
treating essential fatty acid deficiency in these patients. 
The remaining 12 patients had triene/tetraene ratios 
below 0.4 at the time of entry into the study. Es- 
sential fatty acid deficiency did not develop in this 
group so that all three dosage regimens were con- 
sidered effective for the prevention of this disorder. 
Five patients (009, 015, 041, 181, and 195) had the 
unexpected finding of an elevated eicosatrienoic acid 
(20:3w9) associated with normal (<0.04) triene to 
tetraene ratios. This raises a question as to the 
validity of triene to tetraene ratios as a measure of 
fatty acid deficiency since the formation of eicosatri- 
enoic acid has been thought not to occur in the 
presence of either linoleic acid (18:2w6) or arachidonic 
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FiG. 8. Triene/Tetraene 
Ratios: Group III: 8% of 
calories as linoleate given 
every other day. 
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acid (20:4w6). If inhibition of the conversion of oleic 
acid (18:1w9) to eicosatrienoic acid (20:3w9) is specific 
for arachidonic acid then deficiency of either linoleic 
acid or the enzyme A-6-reductase by reducing the rate 
of formation of arachidonic acid would allow continued 
formation of eicosatrienoic acid (Fig. 9). Deficiency of 
A-6-reductase may result from severe protein- calorie 
malnutrition or from liver mitochondrial dysfunction. 
Absolute levels of eicosatrienoic acid may then be a 
reflection of fatty acid metabolic insufficiency rather 
than just fatty acid deficiency. As these patients were 
continued on total parenteral nutrition the percentage 
of eicosatrienoic acid decreased. 

The 1046 safflower emulsion offers a higher content 
of linoleic acid (77%) than the currently used 10% 
soybean oil emulsion (54%). This suggests that smaller 


Increasing Arachidonic Acid 
Inhibits Conversion 
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Elongation 
Desaturation 


Fic. 9. Schematic outline of normal and alternate pathways for elongation-desaturation. Deficiency of the linoleic acid or the enzyme A-6- 
reductase limits arachidonic acid production and allows continued formation of eicosatrienoic acid. 
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volumes of the 10% safflower oil emulsion may be 
used to treat or prevent fatty acid deficiency which 
may represent an advantage in fluid restricted or fat 
intolerant patients. In addition, the safflower emulsion 
is stable at room temperature in contrast to the soy- 
bean oil emulsion which requires refrigerated storage. 
The stable linoleic and arachidonic acid levels seen 
in these patients certainly demonstrate that the 
linoleic content of the emulsion is available and is being 
utilized. 
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Tumor Growth in Experimental Animals 


Nutritional Manipulation and Chemotherapeutic Response in the Rat 


JOHN M. DALY, M.D., HAROLD M. REYNOLDS, M.D., BRIAN J. ROWLANDS, M.D., 
STANLEY J. DUDRICK, M.D., EDWARD M. COPELAND, Ill, M.D. 


The effects of nutritional manipulation on host body weight 
dynamics, tumor growth patterns and host-tumor responses 
to chemotherapy were studied in Spraque-Dawley rats with 
Walker-256 carcinosarcomas. Group I maintained throughout 
on a regular diet (RD) gained carcass weight steadily. Group 
II lost carcass weight while fed a protein-free diet (PFD) but 
rapidly gained weight after switching to RD on day 15. Mean 
tumor volume increased 105% in Group I from day 15 to 21, 
218% in Group II and 77% in Group III (continued on PFD 
p < 0.05). From day 21 to day 33 tumor growth patterns 
were similar in Groups I and II, while mean tumor volume 
eventually plateaued in Group III. In Study B, Group II 
animals were given Methotrexate (MTX-20 mg/kg) two days 
and six days after switching from PFD to RD. The mean 
change in tumor volume in the MTX-treated rats was 1.31 + 
0.1 cm” compared with 8.14 + 0.1 cm" (p < 0.001) in the saline- 
treated control rats. MTX did not significantly affect tumor 
growth patterns in Group III (PFD) rats. In Study A, pro- 
tein—calorie malnutrition resulted in host carcass weight loss 
and tumor growth retardation while nutritional repletion 
restored host carcass weight and stimulated tumor growth. 
In Study B, MTX was maximally effective in tumor-bearing 
rats that were switched from PFD to RD demonstrating that 
nutritional manipulation can improve host nutritional status 
and increase tumor response to chemotherapy. 


EVERE PROTEIN—CALORIE malnutrition inhibits 
S tumor development and retards tumor growth in 
the experimental animal.?"?? These apparent benefits 
of dietary restriction, however, are countered by host 
body weight loss, depressed serum protein levels and 
impaired immunologic function.5 Nutritional repletion 
of the malnourished tumor-bearing host may pref- 
erentially benefit the host, but a potential disadvantage 
is the possible stimulatory effect on tumor cell metabo- 
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lism and rate of tumor cell replication.! Cameron 
and Pavlot demonstrated that parenteral feeding stim- 
ulated tumor growth in hepatoma-bearing rats com- 
pared with animals fed a normal oral diet.' Previous 
work in our laboratory has shown that provision of 
adequate intravenous nutrition to malnourished tumor- 
bearing animals restored host body weight and im- 
munocompetence to normal." Tumor growth was stim- 
ulated in these animals compared with animals fed a 
protein-free diet, but only in direct proportion to the 
growth of the host. 

If nutritional repletion of malnourished tumor- 
bearing animals stimulates tumor cell metabolism and 
increases tumor cell replication, there may be an 
optimal time period during early nutritional repletion 
when tumor cell growth and division are maximal, and 
the tumor is thereby most susceptible to chemothera- 
peutic drugs that are maximally effective against 
rapidly proliferating neoplastic cells. This experiment 
was designed: 1) to evaluate the effects of nutritional 
alterations on host body weight dynamics and tumor 
growth; and 2) to assess the effects of nutritional 
manipulation of tumor-bearing animals on host and 
tumor responses to chemotherapy. 


Materials and Methods 
Study A 


Fifty adult, 200 g, male Sprague-Dawley rats were 
each inoculated in the left flank with 1 mg Walker-256 
carcinosarcoma and were fed a regular diet* ad libitum 

* Regular diet: Wayne Lab Blox — 24.542 protein, 4.1% soybean 
oil, 50% carbohydrate, minerals and vitamins. Allied Mills. Chicago, 
Illinois. 3.97 kcal/g total energy equivalent. 
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for five days to allow tumor establishment and growth. 
At this time, Group I animals (n = 18) were continued 
on the regular diet orally ad lib, while Group II (n = 16) 
and Group III (n = 16) were switched to a high carbo- 
hydrate, protein-free diet? ad lib for ten days (Fig. 1). 
On day 15, Group II was switched back to the regular 
diet ad lib, while Group III was continued on the 
protein-free diet. Host body weights and tumor di- 
ameters were measured every two days. The formula 
for a prolate spheroid was used to calculate tumor 
volume: V = 1/6 AB’, where A = long diameter and 
B = short diameter. Data from our laboratory and 
others have shown that tumor weight correlated 
directly with calculated tumor volume for spheroid 
tumors (Table 1).'* Host carcass weights were de- 
termined by subtracting calculated or measured tumor 
weight from total body weight. Serum protein levels 
were measured in four Group I and six Group II and III 
rats that were sacrificed on day 15 after tumor im- 
plantation. Serum protein levels, host carcass weights 
and tumor sizes and weights were measured in all 
animals at termination ofthe study on day 33. Statistical 


+ Protein-free diet: Teklad Test Diet TD 70114— 70.847 sucrose, 
1576 cornstarch, 2% cod liver oil, 8% hydrogenated vegetable oil, 
4% mineral mix and vitamins. ARS/Sprague-Dawley, Division of 
the Mogul Corp., Madison, Wisconsin. 4.27 kcal/g total energy 
equivalent. 





METHOD: 
Day 0 Sprague-Dawley Rats Inoculated 
with W-256 Carcinosarcoma 
Regular 
Diet 
Protein Protein 
Regular Free . Free 
Diet Diet Diet 
Day 15 Regular 
Diet 
Day 33 





All Animals Sacrificed 


FiG. 1. Protocol schema for Study A. 


TUMOR GROWTH 


aif 


TABLE 1. Linear Regression Analysis: Tumor Volume 
vs. Tumor Weight 











Diet M* p" r p 
Regular 1.07 = 1.73 0.97 <0.01 
Protein-free — Regular 0.78 0.80 0.95 — 0.01 
Protein-free 0.79 L.13 0.89 «0.01 
* y = MX + b. 


significance was computed using Student's t-test for 
nonpaired data. Slopes for tumor growth curves were 
calculated by least squares regression analysis. 


Study B 


Using a similar protocol to the one in Study A, 75 
adult, 200 g, male Sprague-Dawley rats were each in- 
oculated in the left flank with 1 mg Walker-256 carcino- 
sarcoma and were fed a regular diet* ad lib for five 


days (Fig. 2). All animals were fed a high carbohydrate, 


protein-free diet ad lib for ten days. After ten days of 
dietary protein depletion, 52 rats with tumors meas- 
uring | to 2 cm in diameter were assigned according 
to body weight and tumor size to four groups and were 
placed into individual metabolic cages. Rats with tu- 
mors measuring less than ] cm or greater than 2 cm 
in diameter were eliminated from the study. On day 15 
after tumor inoculation, two groups of animals were 
switched to the regular diet orally ad lib while the other 
two groups of rats remained on the protein-free diet. 
Each animal was offered 80 kcal/day orally. On day 
17, one group of rats that was switched to the regular 
diet (n — 20) and one group of rats continued on the 
protein-free diet (n = 20) each received 20 mg/kg 
methotrexate (MTX) intramuscularly. A second 20 
mg/kg dose of MTX was given intramuscularly to 
each rat in these groups four days following the first 
injection. Calcium leukovoran§ 0.6 mg was given intra- 
muscularly every 12 hours on the days of MTX in- 
jection and continued twice daily for the two suc- 
ceeding days to reduce gastrointestinal toxicity and 


bone marrow suppression. 


One group of animals switched to a regular diet 
(n = 11) and one group continued on the protein-free 
diet (n = 11) served as controls. All control animals 
received sterile saline injections intramuscularly in 
lieu of MTX on days 17 and 21, and calcium leukovoran 
0.6 mg intramuscularly every 12 hours on these days 
and for two successive days thereafter. Host body 


i Methotrexate: Lederle Laboratories Division, American 
Cyanomid Co., Pearl River, New York. 
§ Calcium Leukovorun: Lederle Laboratories Division, American 


Cyanomid Co., Pearl River, New York. 
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Day 0 Seventy-five adult Sprague-Dawley Rats inoculated 
with Walker-256 carcinosarcoma 
Regular Diet 
Day 5 
Protein-Free Diet FiG. 2. Protocol schema 

for Study B. MTX = Metho- 
trexate (20 mg/kg). 

Day 15 Control MTX-Treated Control MTX-Treated 

Day 17 Regular Diet MTX Protein-Free Diet MTX 

Day 22 MTX MTX 

Day 27 Termination of Study 


weights and tumor diameters were measured in all 
animals every two days. Food consumption was cal- 
culated daily. Tumor weights and host carcass weights 
were measured at termination of the study on day 27 
(ten days after initiation of chemotherapy in the MTX- 
treated animals). Statistical differences between groups 
were analyzed using the Student's t-test for nonpaired 
data. Tumor response to chemotherapy in this experi- 
ment was defined as the change in tumor volume over 
a ten day period of MTX therapy compared with the 
change in tumor volume over a corresponding ten day 
period in the saline treated, control groups of animals. 


Results 
Study A 


Group I rats maintained on a regular diet from tumor 
inoculation until termination showed a steady gain in 
total body weight during the study period (Fig. 3). 
Group III rats fed the protein-free diet lost weight from 
day 5to 15 and then maintained their mean body weight 
between 170—175 g after day 15. Group II rats lost 
weight while receiving the protein-free diet from day 5 
to day 15, but rapidly gained weight after being switched 
to the regular diet on day 15. Mean carcass weight 
changes were similar to total body weight changes in 
Groups I and II. However, in Group III, mean carcass 
weight decreased steadily with time while mean total 
body weight remained relatively constant, indicating 
that from day 15 increase in tumor weight counter- 
balanced the loss in carcass weight. Examination of 


mean carcass weight changes from day 15 to termi- 
nation (Fig. 4) showed that Group I animals gained an 
average of 20 g, while Group II animals gained an 
average of 93 g, and Group III animals lost an average 
of 12 g. 

Mean serum protein levels were significantly less in 
the protein depleted animals than in the regular diet 
animals on day 15 (Fig. 5). Mean serum protein levels. 
however, increased significantly in Groups I and II, 
and decreased significantly in Group III animals from 
day 15 to day 33 (Table 2). 

As shown in Figure 6, mean tumor volume was 
slightly greater in Group I compared with Groups II 
and II on day 15. Mean tumor volume was significantly 
greater in Group I compared with Group III beginning 
on day 17. Mean tumor volume increased 105% in 
Group I from day 15 to day 21 compared with an in- 
crease of 218 percent in Group II and an increase of 
77% in Group III (p < 0.05 Group II vs. Group III) 
during the same time period. From day 21 to day 33 
tumor growth patterns were similar in Groups I and II, 
while tumor volume eventually plateaued in Group III. 
Mean tumor weight/carcass weight ratios at termina- 
tion of the study on day 33 were 0.36 + 0.03,0.36 + 0.04 
and 0.17 + 0.01 for Groups I, II and III respectively 
(Table 2). 


Study B 


Protein-free diet. Control animals continued on the 
high carbohydrate, protein-free diet and given saline 
injections maintained their total body weight but lost 
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FiG. 3. Group I rats main- 
tained on a regular diet 
from tumor inoculation 
until termination. showed 
a steady gain in total body 
weight. Group II rats lost 
weight while receiving the 
protein-free diet from day 
5 to day 15, but rapidly 
gained weight after being 
switched to the regular diet 
on day 15. Group III rats 
maintained their total body 
weight after day 15. 
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carcass weight during the study period. Mean carcass 
weight at sacrifice for this control group was 158 + 5 g 
which was comparable to the mean carcass weight 
(156.2 + 3 g) at sacrifice for the MTX-treated animals 
(Table 3). Mean food consumption per rat from day 15 
to day 27 was similar in both control and MTX-treated 
groups. Mean tumor weight at sacrifice in the control 
group was 20.9 + 3.4 g compared with 14.7 + 1.4g 
(N.S.) in the MTX-treated group. Tumor response to 
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Fic. 4. Mean carcass weight increased significantly from day 15 to 
sacrifice (day 33) in Group II compared to Groups I and III. Stippled 
area: regular diet. Striped area: protein free — Regular diet. Solid 
area: protein free diet. *p — 0.001 compared to regular diet group. 


chemotherapy (measured by the change in tumor 
volume over a corresponding ten day period (from day 
17 to day 27) was not significantly different in the 
control group (1.62 + 0.1 cm?) compared with MTX- 
treated animals (0.99 + 0.1 cm?). Mean tumor weight 
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Fic. 5. Mean serum protein levels were significantly less in the protein 
depleted animals than in the regular diet animals on day 15. Mean 
serum protein levels increased significantly from day 15 to day 33 
in Groups I and II and decreased significantly in Group III. *p < 
0.05 (day 15 vs. day 33). 
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TABLE 2. Effects of Dietary Alterations on Host and 
Tumor Measured at Sacrifice 
Mean Protein-free 
+ SEM at Reg. Diet | Protein-free 
Sacrifice (RD) Reg. Diet Diet (PFD) 
Body wt (g) 377 + 18 337 + 10 DS $5 
Carcass 
wt (g) 215 x13 254 + 10 148 + 6* 
Serum 
albumin 
(gt) 3.5 = 05 3.0 + 0.4 2.0 + 0.6* 
Tumor wt (g) 101 + 9.6 91 +8 26 x 2" 
Tumor wt/ 
carcass wt 0.36 + 0.03 0.36 + 0.04 G17 & 0.01" 


* p < 0.05 (Group II vs HI). 


to carcass weight ratio at sacrifice was 0.132 + 0.020 
in the control group compared with 0.094 — 0.008 in 
the MTX-treated group of rats (Table 3). 

Protein-free to regular diet. In the saline control 
group of animals switched to the regular diet on day 
15, mean carcass weight increased significantly from 
160 + 10 gon day 15to223 + 7 gon day 27. Mean cal- 
culated carcass weight for the MTX-treated group 
was 160 + 8 g on day 15 and increased to 202.2 + 9.3 g 
at sacrifice on day 27. This difference in mean carcass 
weight changes may be due to differences in mean 
food consumption per rat from day 15 until termination 
on day 27 which was 200 + 15 g in the control group 
of rats compared with 140 + 15 g (NS) in the MTX- 
treated groups of rats. 

The mean change in tumor volume in the MTX- 
treated animals during the ten day observation period 
was only 1.31 + 0.3cm? compared with a mean change 
in tumor volume of 8.14 + 0.lcm* (p < 0.001) in the 
saline-treated control animals. Thus, mean tumor 
weight to carcass weight ratio at sacrifice was sig- 
nificantly lower in the MTX-treated group (0.115 + 
0.015) (p < 0.05) compared with the saline control 
group (0.229 + 0.02). Tumor size increased steadily 
from day 15 until termination in the saline-treated 
control animals, and the mean tumor weight at sacrifice 
was 50.6 + 4.9 g. In contrast, tumor size increased 
much more slowly in the MTX-treated animals; the 
mean tumor weight at sacrifice was 23.3 + 3.2 g, only 
45% of the mean tumor weight in the control group 
(p « 0.01). 

Mortality rates among the four dietary subgroups 
were not significantly different with only one mortality 
in each of the MTX-treated groups of animals and no 
mortality in the saline-treated control animals. 


Discussion 


In experimental animals tumor volume and carcass 
weight generally increase steadily until anorexia and 
decreased food intake and possibly an increased 
metabolic demand secondary to large tumor burden 
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result in progressive inanition, reduced immune func- 
tion, organ failure and death.!'*:'??? Effective oncologic 
treatment and adequate nutritional therapy may inter- 
rupt this vicious cycle.'^* Mild nutritional deprivation 
may not alter tumor growth rates because the tumor 
is anextremely adaptable parasite capable of sequester- 
ing nutrient substrates and energy sources from the 
host in times of dietary deprivation.'?!5 Previous ex- 
periments have shown that severe host malnutrition 
induced by diet inhibits tumor establishment and 
retards tumor growth.*°** Thus, malnutrition of the 
tumor-bearing host by dietary manipulation might be 
considered efficacious, but nutritional depletion of the 
host also results in depressed serum protein levels, 
reduced host immunologic function, poor wound 
healing capability and decreased resistance to stress.^ 
Intravenous hyperalimentation (IVH) has been shown 
clinically and experimentally to restore serum protein 
levels, improve host immunocompetence and increase 
patient tolerance to chemotherapy.? ° In a large series 
of cancer patients treated with IVH, no stimulation 
of tumor growth was noted.*” Although most patients 
in this series received antineoplastic therapy con- 
current with nutritional repletion, not all did, and these 


120 


e——* Regular Diet 
o—© Protein-Free > Regular Diet 


a—~a Protein-Free Diet 


TUMOR VOLUME (cm) 


5 15 17 19 21 23 25 27 298 41 33 
DAYS AFTER IMPLANTATION 


FiG. 6. Mean tumor volume increased significantly from day 15 to 
day 21 in Group II compared with Group III continued on the pro- 
tein-free diet (p — 0.01) From day 21 to day 33 tumor growth pat- 
terns were similar in Groups I and II, but were significantly dif- 
ferent than in Group III (p — 0.01). When data are plotted log 
Tumor Volume vs. Time, the linear regression equations are: (1) 
Reg. diet: y = 0.638 + 0.054x (r = 0.96, p < 0.01). (2) PF-Reg.: 
y = 0.312 + 0.068x (r = 0.97, p < 0.01). (3) Protein-free diet: 
y = 0.647 + 0.034x (r = 0.93, p < 0.01). 
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TABLE 3. Effects of Dietary Alterations on Tumor Response to Methotrexate (20 mg/kg) 








Mean + SEM PFD PFD — RD PFD — RD 
at Sacrifice ( Control) PFD (MTX) Control (MTX) 
Carcass wt (g) 158 + 5 156 + 3 223 + 7 202 + 9 
Tumor wt (g) 20.9 + 3.4 + 1.4 50.6 + 4.9 2353 a BP gy 
Tumor wt/Carcass wt 0.132 + 0.02 0.094 + 0.008 0.229 + 0.02 0.115 + 0.015* 





* p € 0.05 (MTX-treated vs control group). 


latter patients had measurable primary or metastatic 
neoplasms. Little documentation exists in man of 
stimulation of tumor growth by nutritional repletion. 
Thus, an experiment utilizing an animal tumor model 
was developed to investigate the effects of dietary 
manipulation on tumor growth patterns and on host 
nutritional status under controlled conditions. The 
experiment also was designed to evaluate the relation- 
ship between dietary alterations and tumor response 
to chemotherapy. 

In Study A, dietary protein-calorie malnutrition 
resulted in host carcass weight loss and depressed 
serum protein levels. Tumor growth was apparently 
retarded in these malnourished animals because, as 
demonstrated in Figure 6, tumor volume reached a 
plateau after day 27 (22 days after beginning the protein- 
free diet). These results are in contrast to those of 
Lowry et al. who found that a 7% protein diet did not 
affect growth characteristics of a methylcholanthrene- 
induced sarcoma.'?^ Differences in results between the 
two studies are probably due to: 1) different durations 
of observation (21 days vs. 33 days); 2) different de- 
grees of protein-calorie malnutrition (seven percent 
protein vs. 0% protein) and perhaps different animal- 
tumor models. Lowry et al. did note that final tumor 
weight in the protein depleted rats was significantly 
less than in regular diet control rats and attributed this 
difference to an increased tumor latency period (length 
of time from tumor inoculation to palpable malignant 
growth).!? 

Several investigators have shown that protein- 
calorie malnutrition increases the tumor latency period 
and inhibits the rate of tumor growth.?*?? Few studies, 
however, have attempted to evaluate the rate of host 
nutritional repletion following nutritional therapy and 
the effects of nutritional repletion on tumor growth. 
In a previous study from our laboratory, malnourished 
Buffalo rats with implanted Morris 5126 hepatomas 
were nutritionally repleted with intravenous hyper- 
alimentation for a period of seven days. Host carcass 
weights and serum protein levels improved rapidly, 
but tumor growth increased in direct proportion to the 
. growth of the host. In Study A, animals in Group II 
that were switched from the protein-free diet to the 
regular diet gained an average of 95 g carcass weight 
from day 15 to day 33, incontrast to a 20 g mean carcass 
weight gain during the same time interval in Group I 


animals who were fed a regular diet throughout the 
entire study. Mean serum protein levels in Group II 
animals likewise improved significantly from day 15 to 
day 33. On day 15 mean tumor volume was slightly 
but not significantly less in Group II animals compared 
with Group I animals (Fig. 6). After day 21, however, 
tumor growth in Group II animals resembled the pat- 
tern of Group I animals rather than Group III animals 
that were continued on the protein-free diet. Within 
six days of switching diets, Group II animals had a 
significant increase in mean tumor volume compared 
with animals who were continued on the protein- 
free diet. 

Since nutritional repletion of malnourished, tumor- 
bearing animals was demonstrated to replenish the 
host adequately as well as to increase the rate of tumor 
growth, chemotherapeutic agents that inhibit DNA 
synthesis should be maximally effective if the time of 
administration coincides with the period of accelerated 
tumor cell replication.?^^*?!! Methotrexate has been 
shown to be most effective against exponentially- 
growing tumor cells.?:!? In an effort to institute chemo- 
therapy coincident with the predicted enhancement 
of tumor growth by nutritional repletion that was 
identified in Study A, tumor-bearing, protein-depleted 
rats were switched to a regular diet and were given 
methotrexate two days and six days later. The host 
and tumor responses to MTX in the nutritionally 
repleted animals were compared with responses in 
saline-treated animals and with results in animals con- 
tinued on a protein-free diet and treated with either 
MTX or saline. Tumor response to chemotherapy 
was measured using the mean change in tumor volume 
over a corresponding ten day treatment period and was 
calculated by deducting the tumor volume at the time 
of the first methotrexate injection from the tumor 
volume at termination of the experiment. For com- 
parison, mean change in tumor volume during the same 
time interval was calculated for animals treated with 
saline. Previous experiments from our laboratory used 
animals that received the same chemotherapy protocol 
and had tumors of identical size to those used in this 
experiment. Those tumor-bearing animals that were 
maintained on a regular diet following tumor inocu- 
lation until sacrifice, had a mean increase in tumor 
volume over a ten day treatment period in the MTX- 
treated animals which was 67% of the mean increase 
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in tumor volume in saline control rats.’ In the current 
experiment, the mean increase in tumor volume in 
the MTX-treated protein-free diet animals was 62% 
of the mean increase in tumor volume in saline-treated, 
protein-free diet control rats. In the group of animals 
switched to the regular diet and treated with MTX, 
the mean increase in tumor volume was only 16% of 
the mean increase in tumor volume in saline-treated. 
protein-free — regular diet control rats. The enhanced 
antitumor effect of methotrexate in animals switched 
from a protein-free to a regular diet can be explained 
by an increase in tumor cell replication and DNA 
metabolism shortly after initiating nutritional therapy.? 
Moreover, it is possible that methotrexate may be 
metabolized by the same host differently depending 
upon nutritional status." 

Nutritional repletion of malnourished animals has 
been demonstrated to result in significant gain in carcass 
weight, improvement in serum protein levels and 
restoration of host immune function, but considerable 
controversy has been focused on the effects of nu- 
tritional repletion on tumor growth.!*:0!7:152! The re- 
sults of this study have demonstrated that complete 
protein restriction can inhibit tumor growth and re- 
duce the effectiveness of chemotherapy with metho- 
trexate. Conversely, nutritional repletion of the tumor- 
bearing host has resulted in tumor growth curves 
similar to those of healthy rats, and has maximized 
the effects of methotrexate therapy administered 
initially two days after nutritional repletion had begun. 
An explanation of the mechanisms of the enhancement 
of tumor response to MTX by nutritional repletion 
is dependent on future studies of tumor cell kinetics 
and of differential mechanisms of MTX metabolism 
in malnourished versus healthy animals. 

These data cannot be directly applied to the clinical 
setting in malnourished human beings with cancer. 
Stimulation of tumor growth in malnourished patients 
has not been documented after short periods of nu- 
tritional repletion,*? and in most human cancers tumor 
doubling times are significantly longer than doubling 
times in laboratory tumor systems. A four-week period 
of nutritional manipulation in a rat with a transplanted 
Walker-256 carcinosarcoma represents about 50% 
of the life span of the rat prior to death secondary to 
the tumor, whereas a similar period of nutritional 
repletion in man represents a very small portion of 
the life span of a human being with cancer. Optimum 
nutritional status makes the host a better candidate 
for oncologic therapy, and in the human being, to 
date, does not appear to render the tumor more or 
less responsive to antineoplastic therapy. Neverthe- 
less, the results of this study seem to indicate that 
the potential for tumor growth stimulation by nu- 
tritional repletion exists in the mammalian species, 
and that effective oncologic therapy should be ini- 
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tiated as soon as host nutritional repletion is adequate 
to result in safe delivery of appropriate oncologic 
therapy. 
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The Olympus BF-4B2 uniquely combines a reduced outer diameter of 
lets you go deeper in bronchoscopy. 4.9 mm with a standard-size channel to make 


Olympus is going places and doing things insertion easier, create a better airway and still 
in bronchoscopy that haven't been possible permit passage of a complete range of biopsy 


until now. Our new BF-4B2 flexible broncho- 'O'ceps and cytology instruments. An In- 
fiberscope gets you to the fifth and sixth seg- creased angulation range of 180° up gives you 
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examination, biopsy and diagnosis. The scope  & Ve" with forceps or cytology brush in place. Al 
iti á P this— and outstanding Olympus optics, dura- 


cR ee EM ADM UCM PM 1| bility and service, too. 

Sipe Qorsorsibn of eden Moarn min an" The Olympus BF-4B2: the choice couldn't 
be clearer. And it's just one in a full line of qual- 
ity Olympus bronchoscopes. 


OLYMPUS : 
SUPERIORITY YOU CAN - I DT 


Olympus Corporation of America, Medical In nent Division 
4 Nevada Drive, New Hyde Park, N.Y 11042. (51 6) 488-3880 


= 
w 
= 
— 
Pa 
D^ g 
— 
c. 
-< 
un 
SA 
A ( 
CO 

0 
2 

co 


| aminterested in 
| Additional information LJ A BF-AB2 demonstration 


OLYMPUS 
ANNIVERSARY 





O 
| 
| 
| 


L 


/ to contact " - JAM |) PM 


—  — —— m—d— 't———MÓ 
a e - " M 


28A 






s 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


poem ee ee te ee TIT E NT 


SECOND EDITION 
m 


Illustrated Preoperative 


and Postoperative Care 


By Philip Thorek, M.D., F.A.C.S., F.I.C.S 
Illustrated by Carl Linden 


Relying on the use of original illustrations cou- 
pled with succinct, on-target text, this second 
edition of Illustrated Preoperative and Postopera- 
tive Care is a masterful exposition of Dr. Thorek’s 
rich personal experience. 

Practicalitv is the theme as Dr. Thorek covers 
evaluaticn of the surgical patient, the immediate 
post-op period, the recovery room, use of fluid 
and electrolytes, chemotherapy, and surgical 
complications. The chapter on surgical pharma- 
cology, new to this edition, includes the concepts 
of alpha and beta stimulators and blockers as 
they pertain to the therapeutic value of various 


dru gs. 


The beautiful illustrations support the text ad- 
mirably, and in many Cases are fully explanatory 
in themselves, 


«c 


. a useful reference source for neophyte or 
experienced surgeon alike” —Military Medicine 

. . invaluable to any student, surgeon, resident, 
intern or clerk, who ever intends to do surgery 
of any type. —International Surgery. 


147 Pages * 79 Illus. * 2nd Edition, 1973 * 
$12.00 
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Charge and bill me 


[ ] Payment enclosed 
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Tablets 


PERCODAN 
oxycodone with APC C 


Tablets 


PERCODAN-Demi 


oxycodone with APC C 


Brief Summary of Prescribing Information 


INDICATIONS For the relief of moderate to moderately severe pain 


CONTRAINDICATIONS Hypersensitivity to oxycodone aspirin. phenacetin or 
caffeine 


WARNINGS Drug Dependence Oxycodone can produce drug dependence of 
the morphine type and, therefore, has the potential for being abused 
Psychic dependence. physical dependence and tolerance may develop 
upon repeated administration of PERCODAN" and PERCODAN * -Demi. and 
it should be prescribed and administered with the same degree of caution 
appropriate to the use of other oral narcotic-containing medications Like 
other narcotic-containing medications. PERCODAN" and PERCODAN” 

Demi are subject to the Federal Controlled Substances Act 


Usage in ambulatory patients Oxycodone may impair the mental and or 
physical abilities required for the performance of potentially hazardous 
tasks such as driving a car or operating machinery The patient using 
PERCODAN* and PERCODAN -Demi should be cautioned accordingly 


Interaction with other central nervous system depressants Patients 
receiving other narcotic analgesics. general anesthetics. phenothiazines 
other tranquilizers, sedative- hypnotics or other CNS depressants (includ 
ing alcohol) concomitantly with PERCODAN*. and PERCODAN * -Demi may 
exhibit an additive CNS depression When such combined therapy is con 
templated the dose of one or both agents should be reduced 


Usage in pregnancy Safe use in pregnancy has not been established rela 
tive to possible adverse effects on fetal development Therefore 
PERCODAN* and PERCODAN* -Demi should not be used in pregnant 
women unless. in the judgment of the physician. the potential benefits 
outweigh the possible hazards 

Usage in children PERCODAN" should not be administered to children 
PERCODAN * -Demi. containing half the amount of oxycodone. can be con 
sidered 


Salicylates should be used with caution in the presence of peptic ulcer or 
coagulation abnormalities 


PRECAUTIONS Head injury and increased intracranial pressure The res 
piratory depressant effects of narcotics and thew capacity to elevate 
cereDrospinal fluid pressure may be markedly exaggerated in the presence 
of head injury. other intracranial lesions or a pre existing increase in 
intracramal pressure Furthermore, narcotics produce adverse reactions 
which may obscure the clinical course of patients with head injuries 
Acute abdominal conditions The administration of PERCODAN* and 
PERCODAN * -Demi or other narcotics may obscure the diagnosis or clint 
cal course in patients with acute abdominal conditions 


Special risk patients PERCODAN* and PERCODAN*-Dem: should be 
given with caution to certain patients such as the elderly or debilitated 
and those with severe impairment of hepatic cr renal function. hypothy 
roidism. Addison s disease. and prostatic hypertrophy or urethral stricture 
Phenacelin has been reported to damage the kidneys when taken in 
excessive amounts for a long time 


ADVERSE REACTIONS The most frequently observed adverse reactions 
nclude light-headedness. dizziness. sedation, nausea and vomiting 
These effects seem to be more prominent in ambulatory than in nonambu- 
latory patients. and some of these adverse reactions may be alleviated if 
the patient lies down 

Other adverse reactions include euphoria. dysphoria. constipation and 
pruritus 

DOSAGE AND ADMINISTRATION Dosage should be adjusted according to 
the severity of the pain and the response of the patient It may occasion 
ally be necessary to exceed the usual dosage recommended below in 
cases of more severe pain or in those patients who have become tolerant 
to the analgesic effect of narcotics PERCODAN* and PERCODAN*-Dem 
are given orally 

PERCODAN* The usual adult dose is one tablet every 6 hours as needed 
for pain 

PERCODAN * -Demi Adults — One or two tablets every six hours Children 
12 years and older— One-half tablet every six hours Children 6 to 12 
years — One-quarter tablet every six hours PERCODAN* -Demi is not 
indicated for children under 6 years of age 


DRUG, INTERACTIONS The CNS depressant effects of PERCODAN" and 
PERCODAN* -Demi may be additive with that of other CNS depressants 
See WARNINGS 


Aspirin may enhance the effect of anticoagulants and inhibit the urico- 
suric effect of uricosuric agents 


DEA Order Form Required 6074-1/6078-1BS 


ndo Inc. 


i, Puerto Rico —— 


Subsidiary of Endo Laboratories Inc. 
Subsidiary of the DuPont Company 


- Each tablet contains 4.50 mg oxycodone HCI (WARNING: May be habit 
terephthalate (WARNING: CE be habit forming), M mgaspirin, 16 0 )m 


. When the pain followi ng. a um 


ote NE 


“moderately severe, dts not | 


DN 





ive endocrine 
tmenopausa 
st cancer 


s 


i, 





~Nolvad 


31A 


IOMG TABLETS 


CX 


TAMOXIFEN CITRATE 


A well-tolerated form of endocrine therapy.” 


Nolvadex b.i.d. is easily given at home: Patients need not 
experience the disruption of family life that can occur with 
cytotoxic drugs, where administration often necessitates 
hospitalization. 

Depicted below are comparative results from studies 
of Nolvadex as initial therapy...and as subsequent therapy: 





Objective responses to Nolvadex as initial or subsequent 














endocrine therapy t 
NO PRIOR PRIOR 
ENDOCRINE ENDOCRINE 
THERAPY + THERAPY + 
CHEMOTHERAPY CHEMOTHERAPY 
Complete Response 76/178 41/118 
+ (43%) (35%) 
Partial Response 
Stabilization 29/178 34/118 
(No Change) (16%) (29%) 
Progression 73/178 43/118 
(41%) (36%) 





A valuable antiestrogen for the palliative 
treatment of advanced breast cancer 
in postmenopausal women. 


*Unlike side effects usually associated with other agents, those most frequently reported 
with Nolvadex were not disabling or life-threatening. This explains the comparatively 
low discontinuance rate of 2%. The uncomplicated oral regimen of Nolvadex does not 
necessitate hospitalization. 


Indicated in breast cancer that has 
metastasized to bone and viscera...as well 
as to soft tissue. 

The following is a tabulation of objective responses to 


Nolvadex in patients who entered therapy with progressive 
disease —from 13 separate studies*: 


— oia inre cio ae cR dip 
Objective responses by dominant site of progressive 
disease in 305 evaluable: patients 





OFT 
BONE VISCERA TISSUE 





TOTAL NUMBER 
OF PATIENTS 


o M —— 


COMPLETE RESPONSE 

measured by complete 

disappearance of all known =< 
malignant disease and 

recalcification of osteolytic 

lesions for at least 4 weeks 


UES 


PARTIAL RESPONSE 
measured by decrease of 50% 
or greater in size of lesions, 
and/or partial recalcification 
or blastic transformation of 
osteolytic lesions for at 

least 4 weeks 


L —— —————— 


STABILIZATION 

(NO CHANGE) 
measured by decrease of 
less than 50% or increase 
of less than 2596 in size of 
lesions, with no change in 
osseous lesions for 
atleast 4 weeks 


3 10 
(2%) (15%) 


36 4) 3l 
(3496) (3196) (4696) 


28 29 9 
(2696) (2296) (13%) 


Total (complete or partial 
response or stabilization) 


60% 56% 15% 


PROGRESSION 
measured by increase 

of greater than 25% in size of 
lesions, or appearance 

of any new lesions 


43 58 17 
(40%) (44%) (25%) 





t Data on file, Stuart Pharmaceuticals. 


t Of a total of 409 patients studied, 104 were excluded from evaluation of Nolvadex efficacy 
because of an inadequate treatment period, concomitant therapy with other anticancer agents, 
or not having evaluable disease. 


Please see next page for a brief summary of prescribing information. 
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BRIEF SUMMARY 
NOLVADEX® (tamoxifen citrate) tablets 


Indications and Usage: Nolvadex* has proven useful in the 
palliative treatment of advanced breast cancer in postmeno- 
pausal women. Available evidence indicates that the patients 
who have had a recent negative estrogen receptor assay are 
unlikely to respond to Nolvadex. 

Contraindications: There are no known contraindications to 
the use of Nolvadex. 

Warnings: Nolvadex may have oncogenic activity in animals; 
the possibility of this potential in humans should be consid- 
ered. Nolvadex affects reproductive function in rats at dose 
levels somewhat higher than the human dose. Safe use in 
pregnancy has not been established. 

Ocular changes have been reported in a few patients 
treated for periods greater than one year with Nolvadex at 
doses at least four times the highest recommended daily 
dose of 40 mg. The ocular changes consist of retinopathy 
and, in some patients, there are also corneal changes and a 
decrease in visual acuity. Ophthalmologic examinations of 
selected patients receiving long-term therapy with Nolvadex® 
at recommended doses have not detected any ocular pathol- 
ogy attributable to the drug. 

As with other additive hormonal therapy (estrogens and an- 
drogens), hypercalcemia has been reported in some breast 
cancer patients with bone metastases within a few weeks of 
starting treatment with Nolvadex. If hypercalcemia does oc- 
cur, appropriate measures should be taken and, if severe. 
Nolvadex should be discontinued. 

Precautions: Nolvadex should be used cautiously in patients 
with existing leukopenia or thrombocytopenia. Observations 
of leukopenia and thrombocytopenia occasionally have been 
made, but it is uncertain if these effects are due to Nolvadex 
therapy. Transient decreases in platelet counts, usually to 
50,000-100,000/cu mm, infrequently lower, have been occa- 
sionally reported in patients taking Nolvadex for breast can- 
cer. No hemorrhagic tendency has been recorded and the 
platelet counts returned to normal levels even though treat- 
ment with Nolvadex continued. Periodic complete blood 
counts, including platelet counts, may be appropriate. 
Usage in Pregnancy: Nolvadex should not be used during 
pregnancy. 

Adverse Reactions: The most frequent adverse reactions to 
Nolvadex are hot flashes, nausea, and vomiting. These may 
occur in up to one-fourth of patients, but are rarely severe 
enough to require discontinuation of treatment. 

Less frequently reported adverse reactions are vaginal 
bleeding, vaginal discharge, menstrual irregularities, and 
skin rash. Usually these have not been of sufficient severity to 
require dosage reduction or discontinuation of treatment. 

Increased bone and tumor pain, and also local disease 
flare have occurred, which are sometimes associated with a 
good tumor response. Patients with increased bone pain may 
require additional analgesics. Patients with soft tissue dis- 
ease may have sudden increases in the size of preexisting le- 
sions, sometimes associated with marked erythema within 
and surrounding the lesions, and/or the development of new 
lesions. When they occur, the bone pain or disease flare are 
seen shortly after starting Nolvadex® and generally subside 
rapidly. 

Other adverse reactions which are seen infrequently are 
hypercalcemia, peripheral edema, distaste for food, pruritus 
vulvae, depression, dizziness, light-headedness and head- 
ache. 

If adverse reactions are severe, it is sometimes possible to 
control them by a simple reduction of dosage without loss of 
control of the disease. 

Overdosage: Acute overdosage in humans has not been re- 
ported. Signs observed at the highest doses following studies 
to determine LD,, in animals were respiratory difficulties and 
convulsions. No specific treatment for overdosage is known; 
treatment must be symptomatic. 

Dosage and Administration: One or two 10 mg tablets twice 
a day (morning and evening). 

How Supplied: Nolvadex tablets are white, round, biconvex 
tablets imprinted with STUART 600, containing tamoxifen as 
the citrate in an amount equivalent to 10 mg of tamoxifen. The 
tablets are available in containers of 60 tablets and 250 tab- 
lets. The tablets should be protected from heat and light. 
NDCO038-0600 September 1979 


STUART PHARMACEUTICALS 


Division of ICI Americas Inc. 
Wilmington, Delaware 19897 





New! 


SURGICAL 
ENDOCRINOLOGY 


Clinical Syndromes 


Edited by 
STANLEY R. FRIESEN, M.D., Ph.D.(Surg.) 
with 28 contributors 


Here is up-to-the-minute, useable information 
on the known endocrine syndromes requiring 
the attention of surgeons and other physicians. 
The book encompasses all the surgically signifi- 
cant endocrinopathies, both common and rare, 
all ages of patients, from the newborn to the 
elderly, and all accepted techniques of clinical 
and laboratory diagnosis, as well as surgical and 
conservative management. 


The relevant basic sciences are integrated with 
current diagnostic and therapeutic techniques. 
Each of the contributors is a leading authority 
writing on his own area of special interest. 


Among the unique features of this text you'll 
find an illuminating commentary on each 
chapter by Dr. Friesen . . . step-by-step diagnos- 
tic flowcharts . . . a central table of the humoral 
and biological actions of 20 important endocrine 
syndromes mnemonic names for the 
syndromes . . . diagrammatic illustrations de- 
picting the pathophysiology of each syndrome 
as a composite of clinical findings. 


The volume presents a wealth of extraordin- 
arily current developments, featuring informa- 
tion on such innovative concepts and practices 
as the APUD series of endocrine cells—their 
origin, identification, and clinical applications, 
and the future surgical management of endo- 
crinopathies via transposition and transplan- 
tation of endocrine tissues. 


430 Pages / 110 Illustrations / 1978 / $29.00 





Lippincott 


J. B. LIPPINCOTT COMPANY 
East Washington Square 6 Phila., Pa. 19105 


In Canada: J. B. Lippincott Company of Canada Ltd. 
75 Horner Avenue, Toronto, Ontario M8Z 4X7 


Please send me: 
Friesen: SURGICAL ENDOCRINOLOGY .... $29.00 


Name 
Address 
Mo A————— 50 





o Payment enclosed (Save postage and handling) 
DO Charge and bill me (Plus postage and handling) 


Also available at your medical bookstore AS 3/80 
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Brief Summary. Consult the package literature for prescribing information. 


Indications and Usage: Mandol is indicated for the treatment of serious infec- 
tions Caused by susceptible strains of the designated microorganisms in the 
diseases listed below: 

Lower respiratory infections, including pneumonia caused by Streptococ- 
cus pneumoniae (Diplococcus pneumoniae), Haemophilus influenzae. 
Kiebsiella species, Staphylococcus aureus (penicillinase and non- 
penicillinase-producing), beta-hemolytic streptococci, and Proteus 
murabilis 

Urinary tract infections caused by Escherichia coli, Proteus species (both 
indole-negative and indole-positive). Enterobacter species. Klebsiella 
species, group D streptococci (Note: Most enterococci. e.g.. S faecalis, 
are resistant), and S. epidermidis 

Peritonitis caused by E. coli and Enterobacter species 

Septicemia caused by E. coli, S. aureus (penicillinase and non-penicillinase- 
producing). S. pneumoniae, S. pyogenes (group A beta-hemolytic 
streptococci), H. influenzae, and Klebsiella species 

Skin and skin-structure infections caused by S. aureus (penicillinase and 
non-penicilinase-producing), S. pyogenes (group A oeta-hemolytic 
streptococci), H. influenzae, E. coli, Enterobacter species. and P. mirabilis 

Bone and joint infections caused by S. aureus (penicillinase and non- 
penicillinase-producing) 

Clinical microbiologic studies in nongonococcal pelvic inflammatory 
disease in females, lower respiratory infections, and skin infections frequently 
reveal the growth of susceptible strains of both aerobic and anaerobic orga- 
nisms. Mandol has been used successfully in these infections ir which several 
organisms have been isolated. Most strains of Bacteroides fragilis are resistant 
in vitro: however, infections caused by susceptible strains have been treated 
successfully. 

Specimens for bacteriologic cultures should be obtained in order to isolate 
and identify causative organisms and to determine their susceptibilities to 
cefamandole. Therapy may be instituted before results of susceptibility studies 
are known; however, once these results become available, the antibiotic treat- 
ment should be adjusted accordingly. 

In certain cases of confirmed or suspected gram-positive or gram-negative 
Sepsis or in patients with other serious infections in which the causative orga- 
nism has not been identified, Mandol may be used concomitantly with an 
aminoglycoside (see Precautions). The recommended doses of both anti- 
biotics may be given, depending onthe severity of the infection and the patient's 
condition. The renal function of the patient should be carefully monitored, 
especially if higher dosages of the antibiotics are to be administered 

Antibiotic therapy of beta-hemolytic streptococcal infections should con- 
tinue for at least ten days 


Contraindication: Mando! is contraindicated in patients with known allergy to 
the cephalosporin group of antibiotics 


Warnings: BEFORE THERAPY WITH MANDOL IS INSTITUTED. CAREFUL IN- 
QUIRY SHOULD BE MADE TO DETERMINE WHETHER THE PATIENT HAS 
HAD PREVIOUS HYPERSENSITIVITY REACTIONS TO CEPHALOSPORINS. 
PENICILLINS, OR OTHER DRUGS. THIS PRODUCT SHOULD BE GIVEN CAU- 
TIOUSLY TO PENICILLIN-SENSITIVE PATIENTS. ANTIBIOTICS SHOULD BE 
ADMINISTERED WITH CAUTION TO ANY PATIENT WHO HAS DEMON- 
STRATED SOME FORM OF ALLERGY, PARTICULARLY TO DRUGS SERIOUS 
ACUTE HYPERSENSITIVITY REACTIONS MAY REQUIRE EPINEPHRINE AND 
OTHER EMERGENCY MEASURES. 

In newborn infants, accumulation of other cephalosporin-class antibiotics 
(with resulting prolongation of drug half-life) has been reported. 


Precautions: Although Mandol rarely produces alteration in kidney function, 
evaluation of renal status is recommended, especially in seriously ill patients 
receiving maximum doses. 

Prolonged use of Mandol may result in the overgrowth of nonsusceptible 
organisms. Careful observation of the patient is essential. If superinfection 
occurs during therapy, appropriate measures should be taken. 

Nephrotoxicity has been reported following concomitant administration of 
aminoglycoside antibiotics and cephalosporins. 

A false-positive reaction for glucose in the urine may occur with Benedict's 
or Fehling's solution or with Clinitest* tablets but not with Tes-Tape® (Glucose 
Enzymatic Test Strip, USP, Lilly). There may be a false-positive test for pro- 
teinuria with acid and denaturization-precipitation tests 

As with other broad-spectrum antibiotics, hypoprothrombinemia, with or 
without bleeding. has been reported rarely, but it has been promptly re- 
versed by administration of vitamin K. Such episodes usually have occurred 
in elderly, debilitated, or otherwise compromised patients with deficient stores 
of vitamin K. Treatment of such individuals with antibiotics possessing signifi- 
cant gram-negative and/or anaerobic activity is thought to alter the number 
and/or type of intestinal bacterial flora, with consequent reduction in synthesis 
of vitamin K. Prophylactic administration of vitamin K may be indicated in such 
patients, especially when intestinal sterilization and surgical procedures are 
performed. 

Usage in Pregnancy — Safety of this product for use during pregnancy has 
not been established. 

Usage in Infancy — Mandol has been effectively used in this age group, but 
ail laboratory parameters have not been extensively studied in infants between 
one and six months of age; safety of this product has not been established in 
prematures and infants under one month of age. Therefore, if Mandol is ad- 
ministered to infants, the physician should determine whether the potential 
benefits outweigh the possible risks involved. 


Adverse Reactions: Hypersensitivity — Maculopapular rash, urticaria, 
philia, and drug fever have been reported. These reactions are more 
occur in patients with a history of allergy, particularly to penicillin. 

Blood — Thrombocytopenia has been reported rarely. Neutrope 
been reported, especially in long courses of treatment. Some inc 
have developed positive direct Coombs tests during treatment * 
cephalosporin antibiotics. 

Liver — Transient rise in SGOT, SGPT. and alkaline phosphatase le 
been noted. 

Kidney— Decreased creatinine clearance has been reported in 
with prior renal impairment. As with some other cephalosporins. tr 
elevations of BUN have occasionally been observed with Mandol. t 
quency increases in patients over 50 years of age. In some of thes 
there was also a mild increase in serum creatinine. 

Local Reactions — Pain on intramuscular injection is infrequent. Th 
phlebitis occurs rarely 


Administration and Dosage: Dosage — Adults. The usual dosage ra 
cefamandole is 500 mg to 1 gm every four to eight hours. 

In infections of skin structures and in uncomplicated pneumonia, a 
of 500 mg every six hours is adequate 

In uncomplicated urinary tract infections, a dosage of 500 mg eve 
hours is sufficient. In more serious urinary tract infections, a dosage 
every eight hours may be needed 

In severe infections. 1-gm doses may be given at four to six-hour ir 

In life-threatening infections or infections due to less susceptible org 
doses up to 2 gm every four hours (i.e., 12 gm per day) may be need 

Infants and Children: Administration of 50 to 100 mg/kg/day in 
divided doses every four to eight hours has been effective for most in 
susceptible to Mandol. This may beincreased toa total daily dose of 15( 
(not to exceed the maximum adult dose) for severe infections. (See W 
and Precautions for this age group.) 

Note: As with antibiotic therapy in general, administration of Mando 
be continued for a minimum of 48 to 72 hours after the patient bi 
asymptomatic or after evidence of bacterial eradication has been obt 
minimum of ten days of treatment is recommended in infections ca 
group A beta-hemolytic streptococci in order to guard against the risk 
matic fever or glomerulonephritis; frequent bacteriologic and clin 
praisal is necessary during therapy of chronic urinary tract infection a 
be required for several months after therapy has been completed: pe 
infections may require treatment for several weeks: and doses smal 
those indicated above should not be used 

Impaired Renal Function — When renal function is impaired, a r 
dosage must be employed and the serum levels closely monitored. , 
initial dose of 1 to 2 gm (depending on the severity of infection), a maint 
dosage schedule should be followed (see chart). Continued dosage 
be determined by degree of renal impairment. severity of infectic 
susceptibility of the causative organism 


MAINTENANCE DOSAGE GUIDE 
FOR PATIENTS WITH RENAL IMPAIRMENT 








Life-Threatening 
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Maximum Dosage 










Creatinine Clearance 
(ml/min/1 73 m?) 





Henal Function 






Moderate 
Impairment 













Impairment 







125gmq8h 


067gmq8h 
OR 
Loma 12h 


05gmq8h 
OR 






Marked 
Impairment 






O75 gmq 12h 


When only serum creatinine is avaliable, the following formula (ba 
Sex, weight, and age of the patient) may be used to convert this val 
creatinine clearance. The serum creatinine should represent a steac 
of renal function 
Weight (kg) x (146 — age) 

72 x serum creatinine 

Fernales 0.9 x above value 
How Supplied: Vials Mancol* (cefamandole nafate. Lilly). for Injection. ! 
and 1 gm (equivalent to cefamandole activity), 10-ml size, in packages: 
Traypaks™ (multivial cartons. Lilly) of 25. 2 gm (equivalent to cefarr 
activity), 20- ml size. in packages of 1 and Traypaks of 10; 1 and2gm(i 
lent to cefamandole activity). 100-ml size. in Traypaks of 10 
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Additional information available 
to the profession on request 


Eli Lilly and Company 
Indianapolis. Indiana 46206 


Over three thousand documented cases have proven the ACMI thin T-91S flexible sigmoidos 
to be first choice among surgeons for effectively examining the terminal 55cm of the colo-re«c 
superb maneuverability and thin diameter of the ACMI T-91S assures your patient of 
maximum comfort and a fast, thorough office procedure with highest diagnostic yield. Find out 
about ACMI dependability and service. Write or call American Cystoscope Makers, Inc., 
300 Stillwater Avenue, Stamford, CT 06902. (203) 357-8300. 
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Through the lenses of a Nikon F2 and a sigmoidoscops« 


the decisive difference 


between PROCTOFOAM 
and the suppository. 


PROCTOFOAM * The suppository 


The study: 


d 36-year-old voluntee 
free of rectal pathology, 
was administered a 
traditional hemorrhoid 
suppository and 
PROCTOFOAM® on 

innu T successive days to 

! determine differences 

between the two agent: 
in speed and extent of 
coverage. Both sets of 
photographs were take: 
by a Nikon F2 through 
a sigmoidoscope. 


*" 


at 15 minutes at 15 minutes 


at 30 minutes at 30 minutes 


» 
L 


at 60 mintes at 60 minutes 





Unique photosigmoidoscopic evidence 


demonstrates the superiority of 
‘PROCTOFOAM over the hemorrhoidal supposito 
in both speed and extent of coverage. 


Within 5 minutes, PROCTOFOAM® has coated the 
mucosa of the rectal ampulla while the suppository 
remains virtually intact. 


At 10, 15, and 30 minutes, while the suppository is 
still in the slow process of melting and giving limited 
coverage, PROCTOFOAM continues to provide a 


thick coating on the mucosal surface. 


At the end of a full'hour, the suppository has finally 


melted; coygrage is extremely uneven, while 
ROGA A M continues to provide even coverage. 
Upon application, PROCTOFOAM fills the anal 
cavity, spreading evenly into rectal crypts, folds, 
papillae and hemorrhoidal sites. And because 
PROCTOFOAM is mucoadhesive, medication is kept 
in prolonged contact with tender irritated membranes 
to bring prompt, sustained and effective relief from 
itching and pain without leaking or staining. 


PROCTOFOAM is available in two formulations: 
PROCTOFOAM®-HC for temporary relief of acute, 
intlammatory anorectal disorders and for postopera- 
tive pain. PROCTOFOAM-HC provides faster wound 
healing™+ (242 to 3 weeks instead of 31⁄2 to 4 weeks);4 
less scar tormation;'~* less edema, inflammation, 
itching, pain and tenesmus. ' ?75 Non-steroid 
PROCTOFOAM?* for maintenance therapy when the 
inflammatory phase has been brought under control. 


Both PROCTOFOAM and PROCTOFOAM-HC 
come with an easy-to-use, measured-dose applicator 
that assures proper placement of the medication. 
PROCTOFOAM. For faster and more complete 
coverage than the hemorrhoidal suppository. 


PROCTOFOAM Le 
(hydrocortisone acetate 1 


Before prescribing, see complete product information of which 
the following is a brief summary. 

Contraindications: Topical steroids are contraindicated in tho 
patients with a history of hypersensitivity to any of the compone its 
of the preparation 


Precautions: If irritation develops. the product should be discontin- 
ued and appropriate therapy instituted 
In the presence of an infection. the use of appropriate antifungal or 
antibacterial agents should be instituted. If a favorable response 
does not occur promptly. the corticosteroid should be discontinued 
until the infection has been adequately controlled 
lf extensive areas are treated or if the occlusive technique is used, 
the possibility exists of increased systemic absorption of the cor- 
ticosteroid and suitable precautions should be taken particularly in 
children and infants 
Although topical steroids have not been reported to have an ad- 
verse effect on human pregnancy. the safety of their use in pregnant 
women has not absolutely been established. In laboratory animals 
increases in incidence of fetal abnormalities have been associated 
with exposure of gestating females to topical corticosteroids, in 
some cases at rather low dosage levels. Therefore. drugs of this 
class should not be usec extensively on pregnant patients. in large 
amounts. or for prolonged periods of time 
This product is not for ophthalmic use 

| adverse reactions have 


Adverse Reactions: The following local 
been reported with ue CC eS especially under occlu- 
sive dressings: burning. itching. irritation. dryness. folli 
trichosis, acneiform erupti ions. hypopigmentation. al 
dermatitis. maceration of the skin. secondary infecti 
striae. and miliaria 
Dosage and Administration: Apply to affected areas 
daily. Use the applicator supplied for rectal application 
use, transfer a small quantity to a tissue and rub in gently 
How Supplied: In aerosol container 
applicator. The aerosol delivers approximately 24 applications 
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of 10 gm.. with special recta 
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PROCTOFOAM 


EACH MEASURED DOSE (APPROX. 6.5 MI 4 t 
CORTISONE ACETATE 1%. IN A WATER. SOLL B 
MUCOADHESIVE FOAM BASE 


FOR TEMPORARY RELIEF OF ACUTE 
INFLAMMATORY ANORECTAL DISORDERS AND 
FOR POSTOPERATIVE PAIN 
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If you are looking for 

good books to update your 
reference library, look 

at these eight titles 


OPERATIVE SURGERY: Principles and Techniques, 2nd ed. 


Edited and with contributions by PAUL F. NORA, M.D., Ph.D., Northwestern 
University Medical School, Chicago, Illinois. (89 Contributors). The 
experienced clinical surgeon and surgical resident will find this to be an 
outstanding text and atlas — a contemporary book that combines graphic 
discussions of principles and techniques of a traditional text with elaborate 
operative illustrations customarily found only in an atlas. This new edition has 
been completely revised, made current with modern clinical surgery, and 
includes many important new chapters from outstanding contributors. It is a 
comprehensive text book that details preoperative considerations, precautions, 
surgical techniques, and exposition and dissection of structures with viable 
alternatives and priorities. New illustrations have been added throughout to 
complement the text and several new chapters are included. Reviews of 
previous edition: "Must be praised in the most glowing terms." — New England 
Journal of Medicine. "Recommended without reservation." — Archives of 
Surgery. 1181 pp. (8% x 11), illus., 1980, Ready Soon. 


SURGICAL CARE: A Physiologic Approach to Clinical 
Management 


Edited and with contributions by ROBERT E. CONDON, M.D., The Medical 
College of Wisconsin, Milwaukee; and JEROME J. DeCOSSE, M.D., Ph.D., 
Memorial Sloan-Kettering Cancer Center, New York, New York. (47 
Contributors) Focusing on disparate topics of surgical disease, this book 
provides broad and comprehensive background in selected areas of 
postoperative care. All subjects are covered in depth, with emphasis on the 
appropriate mix of biochemical, physiological, pharmacological, and 
biophysical principles that underlie proper diagnosis and treatment. These 
principles are translated into the current best methods of management. 
Although postoperative care is the primary focus throughout, important 
preoperative and intraoperative management procedures are necessarily dealt 
with in their relationship to postoperative care. À unique feature of the book is 
the opportunity provided for in-depth examination of the surgical principles 
involved. Organized in eight sections, the text covers major areas of concern in 
an orderly progression. 474 pp. (7% x 10, illus., 1980, $37.50 


INFLAMMATORY BOWEL 
DISEASE, 2nd ed. 


Edited and with contributions by 
JOSEPH B. KIRSNER, M.D., Ph.D., 
University of Chicago, Chicago, 
Illinois; and ROY G. SHORTER, 
M.D., Mayo Medical School, Rochester, 
Minnesota, (38 Contributors). 
Accepted as the definitive text on 
inflammatory bowel disease, this book 
is truly a necessary addition to the 
library of any physician dealing with 
IBD. It is up-to-date in its coverage of 
recent clinical developments. About 
465 pp. (7 x 10), illus. (many in color), 
May 1980. 


A PRIMER OF WATER, 
ELECTROLYTE AND ACID- 
BASE SYNDROMES, 6th ed. 


By EMANUEL GOLDBERGER, 
M.D., Albert Einstein College of 
Medicine, New York, New York. With 
contributions by JEFFREY M. 
BRENSILVER, M.D. This extensive- 
ly revised sixth edition retains the 
format of previous editions. New 
material has been added on the anion 
gap, water loss, thirst as a sign of 
decreased extracellular volume, heat 
stroke, inappropriate ADH secretion 
syndromes, diuretics, etc. 472 pp., 
illus., 1980, $18.50. 


PATHOLOGY OF SOFT 
TISSUE TUMORS 


By STEVEN I. HAJDU, M.D., 
Memorial Sloan-Kettering Cancer 
Center, New York, New York. Each 
chapter features classification, 
diagnostic and differential diagnostic 
aspects, and gross and microscopic 
appearance of more than 140 forms of 
soft tissue tumors and tumor-like 
conditions. 599 pp. (7% x 10%), 
numerous illus. (several plates in 
color), tables, 1979, $65.00. 


CONCEPTS IN CANCER 
CARE: A Practical Explanation 
of Radiotherapy and Chemoth- 
erapy for Primary Care 
Physicians 







By JAY SCOTT COOPER, M.D. 
DONALD J. PIZZARED®9, ` 
both of New York University Meateu: 
Center, New York, New York. This 
unique new text explains those 
biologic principles and concepts which 
govern non-surgical oncology. About 
150 pp., about 15 figs., tables, 1980, 
Ready Soon. 


OUTPATIENT SURGERY 


Edited and with contributions by 
RICHARD CARLTON SCHULTZ, 
M.D., University of Illinois at the 
Medical Center, Abraham Lincoln 
School of Medicine, Chicago. (25 
Contributors). This book presents 
reasoned, succinct discussions of the 
essentials needed to make an 
outpatient surgical facility function to 
the mutual benefit of patient and 
surgeon. 470 pp. (7 x 10), 342 illus., 
1979, $48.50. 


DIAGNOSIS OF ACUTE 
ABDOMINAL DISEASE 


By JOHN M. BEAL, M.D., and JOHN 
G. RAFFENSPERGER, M.D., both of 
Northwestern University Medical 
School, Chicago, Illinois. This new and 
highly practical book outlines 
characteristic pain problems through 
types of presenting diseases — 
inflammatory diseases, obstructive 
diseases, perforation, etc. 169 pp., 38 
illus., charts and tables, paperback, 
1979, $9. 00. 
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Complement, Opsonins, and the Immune Response to 
Bacterial Infection in Burned Patients 


ANN B. BJORNSON, PH.D., WILLIAM A. ALTEMEIER, M.D., H. STEPHEN BJORNSON, M.D., PH.D. 


Studies were performed to evaluate complement, opsonins, 
and the immune response to bacterial infection in burned 
patients. Concentrations and functional acitivities of com- 
ponents of the classical and alternative complement pathways 
were measured in the sera of four septic, two bacteremic, 
and four nonseptic burned patients. In addition, heat-labile 
and heat-stable opsonic activity and agglutinin titers directed 
against the infecting bacterial strains were measured in the 
sera of the four septic patients and in an additional group of 
11 septic burned patients with abnormal complement profiles. 
Functional activity of the alternative complement pathway 
and the concentration of properdin were shown to be per- 
sistently decreased during eight weeks postburn in the septic, 
bacteremic, and nonseptic burned patients; reduced classical 
pathway activity was demonstrated during the initial post- 
burn period only in the septic patients. Two of the 15 septic 
patients had decreased heat-labile serum opsonic activity for 
their infecting bacterial strains, which occurred only during 
the initial postburn period. Heat-stable opsonins and agglutinin 
titers in the patients’ sera directed against the infecting 
bacterial strains were equivalent to those in normal human 
sera, except for the agglutinin titers to Streptococcus faecalis 
which were increased in the patients’ sera in comparison 
to the normal sera. These results indicate that the multiple 
complement abnormalities which occur in septic burned 
patients do not predispése these patients to bacterial in- 
fection by decreasing serum opsonic activity. Moreover, 
heat-stable immune IgG antibodies are not produced during 
septicemia which facilitate opsonization of the infecting 
bacterial strains in the absence of an intact complement 
system. 


N OUR PREVIOUS STUDIES, Consumption of com- 
I ponents of the classical complement pathway was 
demonstrated prior to and during septicemia in ten 
of 12 burned patients.*? In the other two patients, de- 
creased classical pathway activity was demonstrated 
prior to the development of septicemia, but not con- 
sistently during septic episodes. Functional activity 
of the alternative complement pathway was reduced 
in all of the septic burned patients, and components 


Reprint requests: A. Bjornson, Ph.D.. Division of Infectious 
Diseases, Department of Medicine, University of Cincinnati College 
of Medicine, 231 Bethesda Ave., Cincinnati, Ohio 45267. 
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of this pathway were consumed in one of the patients 
during septicemia. Despite these multiple complement 
abnormalities, no reduction in serum opsonic activity 
for the bacteria causing infection was demonstrated. 

The primary objectives of the present investigation 
were as follows: a) to further evaluate the integrity 
of the classical and alternative complement pathways 
in septic and nonseptic burned patients, b) to provide 
additional experimental evidence to confirm the obser- 
vation that complement abnormalities in septic burned 
patients do not reduce the opsonic capacity of their 
sera for the bacteria causing infection, c) to further 
determine the effects of the administration of blood 
products on the changes in humoral factors in septic 
and nonseptic burned patients, and d) to determine if 
antibacterial antibodies are present in the sera of septic 
burned patients prior to septicemia or are produced 
during septicemia which facilitate opsonization of the 
infecting bacterial strains in the absence of an intact 
complement system. 


Materials and Methods 
Patients 


Ten patients with severe thermal injury were fol- 
lowed during 60 days postburn. Serum samples were 
obtained from the patients as soon after the injury as 
possible and then at weekly intervals. In those patients 
who developed septicemia, serum samples were ob- 
tained one additional time per week until blood cul- 
tures became negative. Blood cultures were drawn 
at the discretion of the attending physicians. Septice- 
mia was documented by positive blood cultures and 
clinical findings. The clinical criteria used for the 
diagnosis of septicemia were a) chills and fever, b) 
tachycardia, c) hypotension, and d) disorientation. 
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Handling of Blood Samples 


Clotted blood specimens were centrifuged at 5,000 g 
for 10 minutes at 4 C. The sera were removed, dialyzed 
against 0.01 M phosphate buffered saline, pH 7.4, con- 
taining 1.5 x 1074 M CaCl, and 5.0 x 10 * M MgCl, 
overnight, divided into aliquots, and frozen at —70 C. 
Dialysis of the sera was performed to remove anti- 
biotics and to standardize the concentration of mag- 
nesium and calcium ions in the sera. Normal human 
sera were collected from 20 healthy adult donors, 
dialyzed in a similar fashion, and stored individually 
at —70 C. 

Blood samples (8 ml) from normal adult volunteers 
for preparation of polymorphonuclear leukocytes 
(PMNs) were collected in heparinized (10 units/ml) 
plastic tubes containing 2 ml of 6% dextran in physi- 
ologic saline, pH 7.0. After sedimentation of the eryth- 
rocytes at room temperature for one hour, the leukocyte- 
rich plasma was removed. The leukocytes were washed 
twice and resuspended in Hank’s Balanced Salt 
Solution without phenol red (Microbiological Associ- 
ates, Inc., Walkersville, Md.) containing 0.1% gelatin 
(HBG) to a final concentration of 1.0 x 10’ PMNs/ml. 


Growth of the Micro-organisms for the Opsonic Assays 


As soon as a bacterial strain was isolated from a 
blood culture and identified, the bacteria were inocu- 
lated into brain heart infusion (BHI) broth (Difco 
Laboratories, Detroit, Mich.) and incubated at 37 C 
for 18 hours. The cultures were divided into small 
aliquots and frozen at —70 C. Prior to each experiment, 
a frozen culture was inoculated into a tube containing 
5 ml of BHI broth, and the tube was incubated at 37 C 
for 18 hours. The bacteria were washed twice and re- 
suspended in HBG to a final concentration of 1.0 x 107 
cells/ml. This procedure was adopted to avoid multiple 
subculturing of the micro-organisms, which might de- 
crease virulence. 


Measurement of Serum Opsonic Activity 


A minor modification of the method of Hirsch and 
Strauss" was used for measuring heat-labile and heat- 
stable opsonic activity for the infecting bacterial 
strains in the patients’ sera and five normal sera. The 
reaction mixtures consisted of 1.0 x 10° bacteria, 
5.0 x 10* normal human PMNs, heated (56 C, 30 
minutes) or untreated test serum, and HBG in a final 
volume of 1 ml. HBG was substituted for the serum 
or leukocytes in the controls. Duplicate reaction mix- 
ture and control tubes were rotated end over end at 
37 C. At 0 time and after 60 minutes of incubation, 
the total number of bacteria surviving in the controls 
and reaction mixtures was determined by plating three 
ten-fold dilutions of the samples in distilled water on 
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BHI agar and colony counting after overnight incuba- 
tion. The per cent of heat-labile or heat-stable opsonins 
was determined by the formula (a—b/a) x 100, where 
a was the number of bacteria surviving in the reaction 
mixture at 0 time and b was the number of bacteria 
surviving in the reaction mixture after 60 minutes of 
incubation. The per cent of serum selected for the 
assays was determined for each bacterial strain in a 
preliminary experiment and was the minimal concen- 
tration of pooled normal human serum which promoted 
maximal phagocytosis and killing of the strain by the 
leukocytes during the incubation period. Killing of the 
bacterial strains was not demonstrated in the presence 
of normal or patients’ sera in the absence of leukocytes. 
Serum concentrations ranged from 1 to 10%. 


Radial Immunodiffusion Assays 


single radial immunodiffusion was performed by a 
minor modification of the method of Mancini et al.'? 
For assaying concentrations of B antigen of C3, 
factor B, C3bINA, Clq, C4, C2, and C$, agarose (1%) 
dissolved in veronal buffer (u = 0.05, pH = 8.6) con- 
taining 0.04 M EDTA was used. For assaying proper- 
din concentration, agarose (0.6%) dissolved in 0.01 M 
phosphate buffered saline, pH 7.0, containing 0.01 M 
EDTA was used. An appropriate dilution of antiserum 
in agarose was poured into plastic plates which were 
stored at 4 C overnight. For assays of factor B, C4, 
and C3, thirty 2 mm diameter wells were made on each 
plate, and 3 wl of serum were delivered into each 
well. For assays of Clq, C2, C5, C3bINA, and proper- 
din concentration, twenty 4 mm diameter wells were 
made on each plate, and 10 ul of serum were delivered 
into each well. The unknowns and serial dilutions of 
the standard serum for the protein being measured 
were placed in the wells, and diffusion was carried out 
at room temperature for 24 hours (Clq-C5, factor B, 
and C3bINA) or at 37 C for 48 hours (properdin). AII 
determinations were performed in duplicate. Normal 
reference sera to B antigen of C3, C4, C5, and factor B 
were kindly provided by Dr. Clark West, Childrens 
Hospital Research Foundation, Cincinnati, Oh., and 
for properdin, C3bINA, Clq, and C2 was a pool of 25 
normal sera. 


Purified Proteins and Antisera 


Human factors B” and C3'* were purified as pre- 
viously described. Human C4 was purified by sequen- 
tial chromatography of pH 7.0 pseudoglobulin on 
TEAE-cellulose and Biogel A-0.5 M followed by 
preparative electrophoresis on Pevikon C-860 and 
chromatography on QAE-Sephadex A-50.'* Human 
properdin was purified by sequential chromatography 
of pH 7.5 euglobulin on QAE-Sephadex A-50 followed 
by chromatography on SP-Sephadex G-50. Human 
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C3bINA was purified by sequential chromatography 
of normal human serum on QAE-Sephadex A-50, CM- 
cellulose, and Sephadex G-150.5 Purified human C2 
was purchased from Cordis Laboratories, Miami, FL. 
Antisera to factor B, properdin, C2, C3, C4 and C3b- 
INA were raised in goats by multiple subcutaneous 
injections of the pure protein preparation in physiologic 
saline, pH 7.0, containing 0.01 M EDTA incorporated 
in Freund's complete adjuvant. Antiserum to the B 
antigenic determinant of C3 was prepared by adsorbing 
antiserum to C3 with the minimal amount of aged 
normal human serum which completely removed anti- 
bodies to the A and D antigenic determinants.'? Anti- 
serum to C2 was adsorbed with the minimal amount of 
normal human serum heated at 50 C for 30 minutes 
which removed contaminating antibodies. Each anti- 
serum was shown to yield a single precipitin line against 
normal human serum in immunoelectrophoresis and 
complete identity in double immunodiffusion with 
reference goat antiserum to each respective protein. 
The reference antisera were kindly provided by 
Dr. C. D. West. Rabbit antisera to human Clq and 
goat antisera to human C5 were purchased from 
Calbiochem-Behring Corp., Elk Grove Village, IL. 


Measurement of C3 Conversion and Total Hemolytic 
Complement 


Inulin (100 mg/ml) or cobra venom factor (CoVF) 
(Cordis Laboratories) (100 units/ml) was added to sera 
in the proportion of 10 wl of activating substance to 
100 ul of serum, and the mixture was incubated for 
one hour at 37 C. The concentration of B antigen of C3 
was determined by radial immunodiffusion before and 
after incubation with the activating substance, and the 
difference in concentration was taken as a measure 
of C3 conversion.’ 

Total hemolytic complement (CH;,) was titrated by 
the method of Kabat and Mayer." 


Ageglutinin Titers 


Agglutinin titers to the infecting bacterial strains 
were measured in the patients’ sera and five normal 
sera by direct agglutination tests.” The Streptococcus 
faecalis strains were incubated in 1.2% formalin at 
room temperature for 18 hours, washed twice with 
physiologic saline, and resuspended in 0.05 M phos- 
phate buffered saline, pH 7.0, containing 0.1% forma- 
lin. All of the other bacterial strains were autoclaved at 
121 C for 15 minutes at 20 pounds of pressure, washed 
and resuspended in physiologic saline. The final con- 
centration of bacteria in the suspensions was 3.0 x 10* 
cells/ml. Microtiter tests were used for the S. faecalis 
and Staphylococcus aureus strains, and tube agglutina- 
tion tests were used for the other strains. 
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TABLE 1. Clinical Characteristics of the Burned Patients 
o C n E 
Body Surface 
Injured (^c)* 





Patient Third 

Group No. Age Sex" Total Degree 
A l 4 M 38 36 
2 14 M 58 47 
3 B M 85 75 
4 18 M 70 45 
B 5 3 F 40 33 
6 11 F 40 35 
C 7 9 M 70 0 
8 12 M 34 14 
9 14 M 32 24 
10 19 M 5] 4] 





* M = male; F = female. 
+ All patients had flame burn injuries. 


Statistical Analysis 


Statistical analysis on the opsonin data was per- 
formed by the Mann-Whitney test. Statistical analysis 
on all of the other data was performed by Student's 
t-test. 


Results 


Six of the ten burned patients had positive blood 
cultures during their clinical course. Clinical signs of 
septicemia were documented in four of these patients, 
when blood cultures were positive. The other two pa- 
tients with positive blood cultures were considered 
to have transient bacteremia. Four of the ten patients 
had negative blood cultures. The burned patients were 
divided into three groups with the four septic patients 
in group A, the two bacteremic patients in group B, and 
the four nonseptic patients in group C. Clinical charac- 
teristics of the patients in each group are presented 
in Table 1. The temporal sequence of positive blood 
cultures in the septic and bacteremic patients is shown 
in Table 2. 

CH., and Clq were significantly decreased in the sera 
of the septic burned patients during the first ten days 
postburn in comparison to the controls (p = <0.05) 
(Fig. 1). After this time, CH;, and Clq in the sera of 
the septic patients were within the normal range. CH;, 
and Clq were normal or elevated in the sera of the non- 
septic and bacteremic burned patients for the duration 
of the study. Concentrations of C4, C2, C3, and C5 in 
the sera of all of the patients were normal or elevated 
for the entire study period. 

Conversion of C3 by inulin and CoVF in the sera 
of the septic and nonseptic burned patients was sig- 
nificantly decreased for the duration of the study in 
comparison to the controls (p = <0.05) (Fig. 2). In the 
bacteremic patients, C3 conversion by CoVF was 
significantly decreased during this time (p = <0.05); 
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TABLE 2. Temporal Sequence of Positive Blood 
Cultures in the Burned Patients 





Positive Blood 





Patient No. Infecting Micro-organisms Cultures* 
l S. aureus 10 
P. aeruginosa 42, 43 
2 S. aureus 45, 46, 52 
C. albicans 45, 46, 52 
3 S. aureus 6, 32, 34 
E. cloaceae 6, 8, 13 
P. aeruginosa 20, 21, 23, 41 
C. albicans 30, 31, 34 
4 S. aureus 18, 19, 21, 34, 48 
S. faecalis 1 
E. cloaceae 21 
5 S. aureus 19 
6 S. aureus 40 





* Numbers indicate the number of days following the injury that 
positive blood cultures were obtained. 
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FiG. 1. Immunochemical concentrations and functional activity of 
components of the classical complement pathway in the sera of 
septic (O —— O), bacteremic (6 — — — 6), and nonseptic (6 — — 9) 
burned patients during 60 days postburn. The points represent mean 
values, and each vertical bar represents the standard error of the 
mean. The shaded areas represent the range of values in the sera 
of 20 age-matched normal controls (mean + 2 SD). 
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FiG. 2. Immunochemical concentrations and functional activity of 
components of the alternative complement pathway in the sera 
of septic (O —— O), bacteremic (@®--- @), and nonseptic 
(€ —— €) burned patients during 60 days postburn. The points 
represent mean values, and each vertical bar represents the standard 
error of the mean. The shaded areas represent the range of values 
in the sera of 20 age-matched normal controls (mean + 2 SD). 


however, C3 conversion by inulin was within the 
normal range. The concentration of properdin in all 
three groups of patients was significantly decreased 
during the entire study period (p = <0.05), and 
concentrations of factor B and C3bINA were normal or 
elevated. 

The types and amounts of blood products adminis- 
tered to the burned patients are shown in Table 3. 
All of the patients received fresh frozen plasma and 
whole blood. As a group, the septic patients received 
more plasma and whole blood than the bacteremic and 
nonseptic patients. All of the septic and bacteremic 
patients and one of the nonseptic patients received 
packed cells. A retrospective analysis of the administra- 
tion of blood products to burned patients at our medical 
center showed that the patients in this investigation, in 


Vol. 191 e No. 3 
TABLE 3. Administration of Blood Products to the Burned Patients 


Milliliters/24 Hours 


Fresh 
Frozen Whole Packed 
Patient Group Patient No. Plasma Blood Cells 

A l 229 47 9 
2 247 171 15 
3 321 130 19 
4 37 241 33 
B 5 143 15 4] 
6 64 100 28 
C 7 159 43 0 
8 13 45 0 
9 61 45 13 
10 15 80 0 


contrast to all of the other burned patients studied 
previously, received fresh frozen whole plasma rather 
than single donor plasma. 

Heat-labile and heat-stable opsonic activity for the 
infecting bacterial strains, and agglutinin titers directed 
against the same strains in the sera of the four septic 
burned patients are presented in Figure 3. Because of the 
similarity in the results, the data from the patients with 
the same species of infecting strain were grouped. 
Heat-labile serum opsonic activity in the two patients 
with septicemia caused by Pseudomonas aeruginosa 
was significantly decreased during the first ten days 
postburn in comparison to heat-labile opsonic activity 
in the normal sera (p = <0.05). After this time, heat- 
labile serum opsonins for the infecting P. aeruginosa 
strains were normal. Patients with septicemia caused 
by Enterobacter cloaceae, S. aureus, and S. faecalis 
had normal heat-labile serum opsonic activity for these 
strains during the entire study period. The only signifi- 
cant increase in heat-stable opsonins was demonstrated 
during the forty-first to fiftieth postburn day period 
in the sera of patients with S. aureus septicemia 
(p = <0.05). Heat-stable opsonic activity for the other 
infecting bacterial strains in the patients’ sera was 
equivalent to heat-stable opsonic activity for the strains 
in the normal sera. In all patients, heat-stable opsonic 
activity was significantly decreased for the duration 
of the study in comparison to heat-labile opsonic 
activity (p = <0.05). The agglutinin titers to S. faecalis 
in the sera of Patient 4 were significantly higher than 
the agglutinin titers in normal sera (p — —0.05). Ag- 
glutinin titers in the other patients’ sera to their in- 
fecting strains were equivalent to the titers in normal 
sera. No rise in agglutinin titers in any of the patients' 
sera was observed. 

We next attempted to confirm the results described 
above in an additional group of 11 septic burned pa- 
tients. All of the patients had been previously shown 
to have decreased classical pathway activity prior to 
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and during septic episodes and persistently decreased 
alternative pathway activity.” ^ Heat-labile and heat- 
stable opsonic activity for the infecting bacterial 
strains, and agglutinin titers directed against the same 
strains were measured in the patients' sera as described 
above. Again because of the similarity in the results, 
the data from the patients with the same species of in- 
fecting strain were grouped. 
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Fic. 3. Heat-labile and heat-stable serum opsonins for the infecting 
bacterial strains, and agglutinin titers directed against the same 
strains in the sera of the four septic burned patients. The data from 
the patients with the same species of infecting strain were grouped 
as follows: (a) S. aureus (Patients 1—4), (b) E. cloaceae (Patients 
3 and 4), and (c) P. aeruginosa (Patients 1 and 3). The data for 
S. faecalis from Patient 4 has been presented separately at the 
bottom of the figure. The points represent mean values, and each 
vertical bar represents the standard error of the mean. 
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Fic. 4. Heat-labile and heat-stable serum opsonins for the infecting 
bacterial strains, and agglutinin titers directed against the same 
strains in the sera of 11 septic burned patients. The data from the 
patients with the same species of infecting strain were grouped, 
and the number of patients in each group is shown in the parenthesis 
following the species designation. The points represent mean values, 
and each vertical bar represents the standard error of the mean. 
The asterisks indicate that the values were obtained from deter- 
minations on the sera from only one of the two study patients during 
the thirty-first to fiftieth postburn days. 


During the entire study period, heat-labile and heat- 
stable opsonic activity in the patients’ sera for the in- 
fecting strains of P. aeruginosa, Escherichia coli, 
S. aureus, and S. faecalis was equivalent to that in 
normal sera (Fig. 4). Heat-stable serum opsonic activity 
for the infecting strains was significantly decreased in 
comparison to heat-labile serum opsonic activity 
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(p = <0.05). Agglutinin titers directed against the 
S. faecalis strains in the patients’ sera were signifi- 
cantly increased in comparison to the agglutinin titers 
for the strains in the normal sera (p — —0.05). Ag- 
glutinin titers to all of the other infecting strains in the 
patients’ sera were equivalent to the titers in normal 
sera, and no rise in agglutinin titers was demonstrated. 


Discussion 


The results of this investigation confirm our pre- 
vious studies which showed that the functional activity 
of the alternative complement pathway and the concen- 
tration of properdin were persistently decreased during 
eight weeks postburn in septic and nonseptic burned 
patients.” ? In addition, classical pathway activity was 
shown to be decreased during the initial postburn 
period only in patients who subsequently developed 
septicemia. However, in contrast to our previous re- 
sults, the initial decrease in classical pathway activity 
in the septic burned patients was associated with a re- 
duction only in the first component of complement, and 
classical pathway consumption was not demonstrated 
during septic eqisodes. 

The failure to demonstrate a decrease in multiple 
classical pathway components during the initial post- 
burn period and classical pathway consumption during 
septic episodes appears to be related to the adminis- 
tration of blood products. Patients in this investigation 
received fresh frozen whole plasma rather than single 
donor plasma, which patients in all of our previous 
investigations had received. Fresh frozen whole plasma 
contains an intact complement system, and the infusion 
of this plasma into our patients probably replaced 
complement components which were consumed during 
septic episodes and during the initial postburn period. 
It is interesting that the functional abnormality of the 
alternative complement pathway and the reduction in 
properdin concentration persisted in our patients 
despite the administration of fresh frozen whole 
plasma. This observation provides support for the con- 
cept that the functional abnormality of the alternative 
complement pathway is not caused by a deficiency 
of plasma proteins, and that loss of properdin through 
the burn wound or increased catabolism of this protein 
occurs at a more rapid rate than previously realized. 

Only two of 15 septic patients had decreased heat- 
labile serum opsonic activity for their infecting bac- 
terial strains, which occurred only during the initial 
postburn period. The reduction in serum opsonic 
activity in these patients did not appear to be caused 
by decreased classical pathway activity, since other 
patients with decreased classical pathway activity had 
normal serum opsonic activity. These results confirm 
our previous observation that the multiple complement 
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abnormalities which occur in septic burned patients 
prior to and during septic episodes do not decrease 
serum opsonic activity for the bacteria causing in- 
fection.*? It should be emphasized, however, that the 
complement abnormalities may predispose burned pa- 
tients to microbial infection by other as yet undefined 
mechanisms. 

No rise in agglutinin titers directed against the in- 
fecting bacterial strains was demonstrated in the sera 
of the septic burned patients. A significant increase 
in heat-stable opsonic activity for S. aureus was ob- 
served in one group of four septic burned patients but 
not in another group of nine patients. Heat-stable 
opsonins and agglutinin titers in patients' sera were 
equivalent to those in normal sera, except for the 
agglutinin titers to .S. faecalis which were increased 
in the patients' sera in comparison to the normal sera. 
These observations indicate that heat-stable immune 
IgG antibodies are not produced during septicemia 
which facilitate opsonization of the infecting bacterial 
strains in the absence of an intact complement system. 

The observation that the titers of heat-stable op- 
sonins and agglutinating antibodies directed against 
the infecting bacterial strains did not increase during 
septicemia in burned patients suggests that these 
patients may have a deficient humoral immune re- 
sponse to bacterial infection. In previous studies, the 
primary immune response to human erythrocytes in 
burned animals was shown to be depressed, if the 
erythrocytes were administered after but not prior to 
the burn injury.' The in vitro primary immune re- 
sponse of mouse spleen cells to sheep erythrocytes 
has also been shown to be reduced following burn injury. '? 
Other investigators have failed to demonstrate a de- 
crease in the primary immune response to sheep 
erythrocytes,'^ sheep erythrocytes coupled with 
TNP,” or DNP-Ficoll'? following burn injury. Kohn 
reported that the production of precipitating antibodies 
to Streptococcus pyogenes was decreased in experi- 
mentally infected burned animals.? Others have demon- 
strated humoral immune responsiveness to active im- 
munization with bacterial vaccines.?'!* 

Despite the apparent deficiency in the humoral im- 
mune response to bacterial infection in the burned 
patients in our investigation, their sera supported 
normal opsonization. Perhaps, the concentration of 
"natural heat-stable IgG antibodies is sufficient to 
facilitate opsonization of the infecting bacterial strains 
in the presence of minimal levels of complement com- 
ponents. Another explanation for our results is that 
opsonization of the infecting bacterial strains is de- 
pendent on heat-stable and heat-labile factors in the 
burn sera which are distinct from immunoglobulins and 
complement components. 
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Right Ventricular Dysfunction in 


Acute Thermal Injury 


J. A. JEEVENDRA MARTYN, M.B., B.S., F.F.A.R.C.S., MICHAEL T. SNIDER, M.D., PH.D., 
STANISLAW K. SZYFELBEIN, M.D., JOHN F. BURKE, M.D., MYRON B. LAVER, M.D. 


The elevated cardiac output (CO) and pulmonary artery 
hypertension (PAH) observed in thermal injury offers a unique 
opportunity to study the effects of a combined pressure-flow 
load on the right ventricle in previously healthy persons. Poten- 
tial responses include a diminished right ventricular ejection 
fraction (RVEF), increased right ventricular end-diastolic 
volume index (RVEDVI), and augmented myocardial oxygen 
consumption because of increased systolic wall tension. We 
investigated these factors in 15 nonhypoxic patients without 
sepsis having 15-75% body surface area burns using flow 
directed catheters and the thermodilution technique. All pa- 
tients increased their CO in response in fluid resuscitation, 
but six patients with an elevated mean pulmonary artery pres- 
sure (>20 mmHg) and increased pulmonary vascular resistance 
(71.2 mmHg/min/L) had right ventricular dysfunction as 
evidenced by an increase (188 + 15 mI/M?) in RVEDVI and 
a decreased (0.26 + 4 mI/M^) RVEF. Patients without PAH 
had a smaller RVEDVI (115 + 4 ml/M?) and larger RVEF 
(0.39 — 0.02). Patients with PAH and RV dysfunction were 
older, had larger body surface area burns, lower systemic 
diastolic artery pressures (63 + 4 mmHg) and higher heart 
rates (114 + 7 beats/min); RV end-diastolic pressures were 
minimally elevated (9.5 + 1.4 mmHg). The decrease in RVEF 
and increase in RVEDVI may limit the hemodynamic response 
to fluid volume replacement and survival. 


ULMONARY ARTERY HYPERTENSION (PAH) has been 
P observed in patients with severe cutaneous burns.” 
The cause, hemodynamic consequences and clinical 
significance of this increased right ventricular (RV) 
afterload are unclear as most prior studies in the 
severely burned have focused on the systemic cir- 
culation and left ventricle.*’** Besides PAH the re- 
quirement for a higher than normal blood flow in the 
hypermetabolic burn state?" places an unusual pres- 
sure-flow burden on the right ventricle. Myocardial 
depression mediated by breakdown products of burned 
tissue,” and vigorous intravenous therapy may con- 
tribute to the distension of the right ventricle. The 
enlarged cavity coupled with PAH requires greater 
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systolic wall tension for ejection and may increase right 
sided myocardial oxygen need!’ and produce RV 
ischemia. Distention of the right ventricle within the 
constraints of the pericardium can encroach on the left 
ventricle to alter both its function and compliance.!^ 
In order to quantify some of these changes we have 
monitored pulmonary vascular pressures, RV end- 
diastolic volume (RVEDV) and RV ejection fraction 
(RVEF) using flow directed catheters and a thermodilu- 
tion technique in 15 patients for up to seven days 
following acute thermal injury. 


Methods 


Fifteen patients (12 men, 3 women), 19-63 years 
of age with second and third degree cutaneous burns 
of 15-75% body surface area were admitted to the 
Massachusetts General Hospital Burn Unit within 24 
hours of injury. All were studied in acute phase of their 
illness (one to seven days). No patient had a history 
of previous cardiac disease; three patients had smoked 
at least two packs of cigarettes per day. Early fluid 
resuscitation was guided by the Brooke formula of 
1.5 ml of Ringers lactate/kg/% burn and 0.5 ml of 
fresh frozen plasma/kg/% burn for the first 24 hours 
but additional Ringers lactate solution, fresh frozen 
plasma and blood were administered in response to 
clinical measurement of total plasma protein, electro- 
lytes, hemoglobin, pulmonary capillary wedge pressure 
and urine output. Fourteen patients were intubated for 
therapy of inhalation injury and/or pharyngeal and 
laryngeal edema. An increased inspired oxygen con- 
centration, a large tidal volume and positive end- 
expiratory pressure were administered to two patients 
because of impaired oxygenation (Pao, — 70 mmHg 
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at F,O, > 0.5) or carbon dioxide retention (Paco, 
> 45 mmHg). Only three of 15 patients were ventilated 
more than four days. No patient required an intra- 
venous infusion of inotropic drugs but nine patients 
were digitalized (1.5 mg digoxin loading dose, 0.25 mg 
per day maintenance). Sepsis as evidenced by bac- 
teremia, hypotension, hypothermia, hyperpyrexia or 
acute renal failure were not present during the course 
of this study. 

A modified triple lumen thermodilution Swan-Ganz* 
catheter was inserted via the internal jugular or sub- 
clavian vein in 12 patients within the first 24 hours after 
admission. The manufacturer modified our catheters to 
allow the injection of iced saline directly into the right 
ventricle and to permit rapid sensing of pulmonary 
artery temperature changes. The former was achieved 
by placing the proximal port 14 cm from the catheter 
tip, the latter by reducing the thickness of the epoxy 
coating covering the thermistor bead (63% time con- 
stant 150 msec). Position of the proximal port was 
verified by the presence of a right ventricular pressure 
pulse contour. The downslope of the thermal washout 
curve detected by the thermistor in the pulmonary 
artery was characterized by a series of successive 
diastolic plateaus each corresponding to successive 
cardiac ejections (Fig. 1). The ratio of consecutive 
end-diastolic washout plateaus were used to calculate 
RVEDV and RVEF.'? RVEDV was expressed as an 
index per unit body surface area (RVEDVI). Intra- 
vascular pressures were measured via catheters con- 
nected to Statham P23dB transducers positioned at the 
midaxillary line and displayed on the Electrodyne 
CBO 510 oscilloscope. The thermal washout curve and 
ECG were recorded on a Gould 2400 strip chart re- 
corder with a frequency response of 30 Hz. Sequential 
measurements of cardiac output (CO), mean pul- 
monary artery pressure (PAP), pulmonary capillary 
wedge pressure, RVEF and RVEDVI were performed 
during the ensuing 72 hours or longer in 13 of 15 pa- 
tients. Least squares regression of hemodynamic vari- 
ables against time were calculated for each patient. 
An analysis of variance based on the F-test established 
significance of time trends.*' The unpaired Student's 
t-test was used to compare differences between means.*! 


Results 


PAP correlated significantly (r = 0.4, p < 0.001) 
with cardiac index (CI) (Fig. 2). When compared with 
Holmgren's data’ for healthy volunteers during exer- 
cise 18 of 120 points of seven of I5 patients showed 


* Swan-Ganz flow-directed triple lumen thermodilution catheter 
93A-131-7F, Edwards Laboratories, Santa Anna, CA. 
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FIG. 1. 
shows the sequential plateaus during washout of cold indicator. 
Each plateau corresponds to each cardiac ejection. Mean residual 


A high frequency response thermodilution recording system 


fraction in the above curve = 0.54 + 0.55/2. 
= i = 0.55 > 045. 


Ejection fraction 


pulmonary hypertension at a moderate to high CI. 
During the early phase of fluid resuscitation 26 of 120 
points or 10 of 15 patients demonstrated a subnormal 
CI in combination with pulmonary hypotension attrib- 
utable to hypovolemia. Pulmonary vascular resist- 
ance (PVR) was often elevated above normal both at 
low and moderate CI (63 of 120 points, 12 of 15 pa- 
tients). This elevation in PAP and PVR was associated 
with diminished RVEF (R = 0.49, p < 0.001, Fig. 3). 
The temporal course of RVEF and RVEDVI in in- 
dividual patients followed two patterns (Fig. 4). In nine 
patients RVEF and RVEDVI remained constant and 
within the normal limits reported in the literature.?? 
In six patients as the cardiac output increased the 
RVEF decreased and the RVEDVI increased beyond 
normal limits. For a balanced analysis with one point 
per patient, individuals were grouped (Table 1) ac- 
cording to whether the maximum RVEDVI was normal 
or larger than normal (normal mean + SD = 90 
+ 23 ml/M?).* Hemodynamic variables at the point 
of maximum RVEDVI were then compared. Patients 
with an abnormally large RV EDVI had a greater burned 
surface area, were older, had a decreased RVEF (nor- 
mal mean + SD = 0.43 + 0.05), mild PAH, a lower 
systemic vascular resistance (SVR) lower systemic 
arterial diastolic pressure (DAP) and lower DAP to 
RV end-diastolic pressure difference (DAP-RVEDP). 
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Fic. 2. Shaded area depicts 95% predication band in health.’ Burned 
patients exhibited higher PVR and PAP for a given CI implying 
vascular injury. The maintenance of a normal CI in face of increased 
PVR tended to produce PAH. 


Discussion 


We have observed pulmonary artery hypertension in 
early thermal injury which is accompanied by an in- 
creased cardiac output, a modest elevation of pul- 
monary vascular resistance, and right ventricular dys- 
function. Although the pathophysiologic basis of the 
pulmonary vascular change is unknown, the right 
ventricle of the elderly and those with larger burns 
responds to this combined pressure and flow burden 
with an enlarged right ventricular end-diastolic volume 
and a diminished right ventricular ejection fraction. 
Possible causes include measurement artifact, in- 
creased RV afterload, RV ischemia, and toxic myo- 
cardial depression. 

We believe that the changes observed in the right 
ventricle are real and not an artifact of technique. 
Although ventricular volume measurements by in- 
dicator dilution fell into disfavor several years ago 
because mixing of dye within the right ventricle was 
incomplete,'* this criticism may be unjustified. Com- 
plete ventricular mixing prior to ejection is only a 
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sufficient, not a necessary, mathematical condition for 
validity. Homer defined two necessary conditions 
which have never been tested: 


I.) ". . . if sampling normalized for total flow is 
large from some portion of the ventricle having a high 
concentration of indicator then there must be some 
compensation by heavy sampling from areas of low 
concentrations.” 

2) ". . . the distribution of indicator is uncorrelated 
with that of the sampling variable.” 


In addition, the mixing of thermal indicators has not 
been studied systematically in the right ventricle. 
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Fic. 3. Decreases in RVEF and increases in RVEDVI accompany 
the rise in PAP in thermal injury. The shaded area indicates 95% 
prediction band for healthy individuals reported in the literature.2° 
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Transfer of heat from one molecule to another occurs 
faster than diffusion of large dye molecules and theo- 
retically favors better mixing.** In a model beating 
heart, Salgado and Galetti found excellent agreement 
between the thermodilution volumes and measured 
geometry.” Although such studies are incomplete 
simulations of our clinical condition, they give sup- 
porting evidence for accuracy of our measurements. 
Even if absolute values are overestimated by thermal 
dilution, directional changes in RVEDVI and RVEF 
can be followed accurately." 

Our patients with RV dysfunction had an increased 
afterload, i.e., PAH and increased PVR. Similar but 
more severe PAH has been described in acute lung 
injuries of pneumonia, chest trauma, pulmonary 
embolism,!'? and sepsis,? as well as in chronic lung 
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Fic. 4. Temporal plots of RVEDVI and RVEF for two patients 
shows the typical responses. Nine patients maintained normal RV 
function throughout the observation period while six patients with 
PAH developed an increased RVEDVI and a decreased RVEF. 
Solid lines represent least squares regressions. 
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TABLE 1. Comparison of Measurements During Maximum RVEDVI 


RVEDVI RVEDVI 

Normal Increased 

(n — 9) (n — 6) 
Days postburn injury 4.7 + 0.4 36 + 0.6 
Burned area (“%) 43.7 + 5.6 62.2.2 23° 
Age (years) 342 + 5.1 88.5 A 4,3" 
RVEDVI (ml/M?) 115.0. 5 43 188.1 + 15.21 
RV end-systolic vol index 

(ml/M*) 69.6 + 3.1 148.7 + 14.67 

RVEF 0.39 + 0.02 0.26 + 0.027 
Wedge pressure (mmHg) 83 ig 10.3 = 16 
RVEDP (mmHg) 70 : 16 905 t 14 
Heart rate (beats/min) 96.1 + 3.9 114.0 = 6,9" 
PAP (mmHg) 16.6 + 1.96 23.0 + 1.6% 
CI (L/Min. M?) 4.4 +0.4 53 sb aS 
PVR mmHg: min/L Ll £0] 12 3E 52 
DAP (mmHg) foul <2 a4 010. = 15* 
DAP-RVEDP (mmHg) 65.1 €42 53.5 £ 32" 
SVR (mmHg: min/L) ILE £4 14 x 09° 
Stroke volume index (ml/M?) 45.4 + 3.0 ay 19 
Deaths within 1—7 days 0 0 
Deaths after day 7 | 3 


Mean + SEM. 
*5« 0.05. 
* p < 0.005. 


disease.? In these situations vascular occlusion, hy- 
poxic vasoconstriction, in situ thrombosis and endo- 
thelial injury have been suggested as pathophysiologic 
causes.? We believe that the elevated PVR in our 
patient group also represents acute lung injury, the 
nature of which is unclear. At the time when the 
measurements were made no patient exhibited sys- 
temic hypoxia (Pao, > 65 mmHg), hypercarbia (Paco, 
< 45 mmHg), or had a history of severe chronic ob- 
structive pulmonary disease. Because of the presence 
of singed vibrissae, carbonaceous sputum and naso- 
pharyngeal burns, 12 of our patients were suspected 
to have suffered a significant inhalation injury. Seven 
patients, examined at bronchoscopy, showed denuded 
or erythematous airway mucosa. No systematic studies 
of the pulmonary vascular effects of inhalation injury 
in man have been made but German et al.” have ob- 
served PAH both in cutaneous and combined cuta- 
neous-pulmonary burns. Aviado described PAH in 
dogs 24 hours after inhalation of steam with histologic 
examination showing only edema and microvascular 
congestion.' Cutaneous burns may lead to pulmonary 
vascular changes through the release of vasoactive 
polypeptides.''?? Recently, Demling and coworkers? 
observed an increase in pulmonary artery pressure, 
vascular resistance and lymph flow in sheep within the 
first 24 hours following 40% cutaneous burns. 
Increased vascular permeability may be a contributing 
factor to the modest rise in pulmonary vascular 
resistance in our patients. Other possible mechanisms 
include undiagnosed sepsis, vascular changes following 
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FiG. 5. According to the Laplace relationship an increased RV 
end-systolic volume due to a reduction in stroke volume or a pro- 
nounced increase in RVEDVI will result in a higher peak systolic 
wall stress.' If enlargement of the cavity is accompanied by a 
reduction in wall thickness then wall stress will increase further 
(S — P x R/W). Diminished coronary flow secondary to unrecog- 
nized coronary heart disease. tachycardia or systemic arterial 
distolic hypotension may further limit right ventricular function. 
S — wall stress, P — intravascular pressure, R = internal radius. 
W = wall thickness. 
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a period of hypoperfusion prior to resuscitation?! and an 
increase in PVR due to age.!? We are unable to define 
the contribution of each of these factors. 

RV dysfunction has been reported to accompany 
the PAH of acute lung injury? and pulmonary em- 
bolism,!'? as well as the PAH of chronic obstructive 
lung disease.* Except for the increase in afterload 
imposed by these conditions RV function has received 
little clinical attention. The RV response to the con- 
comitant acute pressure and flow load of cutaneous 
burns deserves critical examination. The concept of a 
conduit function for the right ventricle can be traced 
back to early studies by Starr? in which acute destruc- 
tion of the RV anterior wall failed to raise the RV end- 
diastolic pressure. This view has been supported by 
recent studies of RV function in man following massive 
RV infarction in which the cardiac output could be 
maintained by an increase in RV end-diastolic pressure 
with intravenous infusions.? Such reasoning appears 
appropriate but only as long as the RV afterload is not 
elevated abnormally. The response of the normal right 
ventricle to the increased acute flow load of supine 
muscular exercise was studied by Rappaport” using 
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thermal dilution technique. An increase in CO from 
3.6 to 5.7 l/min was accompanied by no change ir 
RVEF and only a small increase in RVEDVI. Nine ol 
our patients showed a response similar to a pure flow 
load. However, six of our patients with pulmonary 
hypertension as well as high cardiac output, decreased 
their ejection fractions and increased their RV end- 
diastolic volume indices markedly. 

Salisbury” has described progressive RV dilation 
leading to failure in open chest dogs who underwent 
progressive banding of the pulmonary artery but re- 
turned to normal when the right coronary artery flow 
was restored by an appropriate increase in aortic 
diastolic pressure. Similarly Fineberg et al.® studied 
the reactions of the right ventricle to increasing com- 
pression of the pulmonary artery by simultaneous re- 
cordings of RV and aortic pressures: they demon- 
strated the limited ability of the right ventricle to 
respond to a sudden increase in pulmonary resistance 
particularly when coronary blood flow is simultane- 
ously reduced by lower systemic arterial pressure. 
This point emphasized the importance of maintaining 
coronary perfusion pressure in critically ill patients 
who do not have a clear cut history of coronary artery 
disease but in whom the pulmonary vascular changes 
are sufficiently severe to limit the quality of RV func- 
tion. Our patients with RV dysfunction had an in- 
creased resistance to flow, a lower diastolic arterial 
pressure and were older. 

Alternative explanations for the changes described 
include myocardial depressant factor and overtrans- 
fusion. Circulating myocardial depressant factors have 
been described in animal burn models?" and detected 
in burn patient serum using papillary muscle prepara- 
tions.” Their source has been ascribed to injured 
peripheral tissue. Although nine of our patients had 
undergone rapid digitalization with intravenous digoxin 
by the second day, serum digoxin levels were not 
followed systematically. Recently Sachdev?* reported 
an increased dosage requirement in thermal burns to 
achieve adequate serum levels. Depressant factors, if 
present, may not have been counteracted by our 
digoxin dosage. Systematic use of inotropic agents 
might have improved RV function regardless of 
whether myocardial depression or afterload is the 
primary mechanism. The rapid reexpansion of the in- 
travascular volume due to simultaneous fluid mobiliza- 
tion and elevated intravenous intake. might have over- 
stretched the right ventricle in some patients causing 
a relative overtransfusion. 

Regardless of whether preload, afterload or con- 
tractile depression are causes, the Laplace relation for 
a thick-walled shell!’ predicts that extreme wall 
stresses are needed for ejection under the combined 
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insults of pulmonary hypertension and RV dilatation 
(Fig. 5). The presence of a dilated right ventricle with 
the accompanying increased wall stress may increase 
oxygen need which can not be compensated for when 
coronary blood flow is decreased by aortic diastolic 
hypotension and tachycardia. Because the pericardium 
restrains the combined volume of all heart chambers, 
an enlarged right ventricle may encroach on the left 
ventricle by shifting the septum and diminish its size.'® 
We have no direct measure of left ventricular volume 
but wedge pressures in our patients were only modestly 
elevated. Dorethy et al. using echocardiography ob- 
served that in severe thermal injury low normal left 
ventricular volumes were present despite elevated 
cardiac outputs.' This implies that the compressed 
left ventricle may adapt by increasing its ejection 
fraction, a task somewhat easily achieved because of 
the lowered systemic vascular resistance. Additional 
pulmonary damage during thermal injury from the com- 
mon complications of pneumonia”? sepsis?, and ultra- 
high airway pressures" may further increase after- 
load, ischemia and left ventricular encroachment, and 
perhaps limit survival. 

Our study suggests that the right ventricle may limit 
the cardiac output response in older and more exten- 
sively burned patients and should be searched for in 
burned patients whose cardiac output is poorly respon- 
sive to fluid resuscitation. The efficacy of pulmonary 
vasodilators, vasopressors and inotropic drugs in re- 
lieving dysfunction is unclear but merits investigation. 
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Pulmonary Arteriovenous Fistula, 
Pulmonary Artery Aneurysm, and Other Vascular Changes 
of the Lung From Penetrating Trauma 


P. N. SYMBAS, M.D., M. GOLDMAN, M.D., M. H. ERBESFELD, M.D., S. E. VLASIS, P.A. 


Pulmonary arteriography was performed in 22 patients with 
penetrating injury of the lung(s) within the first 72 post- 
injury hours and no vascular lesion directly attributable to 
the injury was found. Pulmonary arteriovenous fistula or pul- 
monary artery aneurysm secondary to penetrating pulmonary 
injury, are extremely rare lesions, but they should be sus- 
pected in a patient with penetrating wound of the chest with 
signs and symptoms of pulmonary arteriovenous fistula or with 
chronic residual well circumscribed density on chest roent- 
genogram. The treatment of these lesions should be excision 
of the lesion with preservation of the lung, whenever possible, 
or resection of the involved lobe. 


ULMONARY ARTERIOVENOUS FISTULA, and pul- 
P monary artery aneurysm from penetrating injury 
to the lung very rarely occur. The purpose of this com- 
munication is to describe the acute pulmonary arterio- 
graphic findings in patients with penetrating injury to 
the lung and to report a case with traumatic pulmonary 
arteriovenous fistula and another with traumatic pul- 
monary artery aneurysm seen at Grady Memorial 
Hospital over a fifteen year period from July 1964 to 
June 1979. 


Clinical Material 


During a ten month period (February to November 
1975) all patients with penetrating wound(s) of the lung 
admitted to Grady Memorial Hospital were requested 
to undergo pulmonary arteriography. They were in- 
formed that the purpose for the arteriography was in- 
vestigative, to determine the acute pulmonary vascular 
changes that occur from a penetrating wound of the 
lung, and were also informed about the risk of the pro- 
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cedure. All patients who accepted to undergo pul- 
monary arteriography signed an informed consent 
form. Only 23, 19 males and four females, ranging in 
age from 13 to 55 years (mean:27) consented to partici- 
pate in the study. In 15 patients the penetrating injury 
was due to a gunshot wound and in the remaining eight 
the injury was due to a stab wound. 

All patients who underwent arteriography were 
treated in a manner similar to the other patients with 
such injuries who had been admitted in our hospital. 
Their hemothorax, pneumothorax, or hemopneumo- 
thorax was drained as soon as possible with a 
thoracostomy tube connected to a bottle containing 
sterile normal saline. 

When the patients were stable and in no distress. 
pulmonary arteriography was performed within 72 
hours of admission, via a polyethylene catheter which 
was percutaneously inserted through a femoral vein 
into the right or left pulmonary artery. Because some 
patients had injury to both lungs, a total of 15 right and 
12 left pulmonary arteriograms were performed. One 
patient developed an atrial arrhythmia during the 
arteriography which responded to medical therapy. so 
the arteriogram was not performed and he was ex- 
cluded from the study. 

The pulmonary arteriograms showed loss of lung 
volume with clustering of the pulmonary artery 
branches and a delay in blood flow through them in 
11 of the 22 studied patients. These changes were seen 
at the base of the lung and not at the site of the injury 
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in seven of these patients and the loss of lung volume 
was appreciated on the frontal chest roentgenograms 
only in two of the patients. In one patient, a bullet 
was shown to be embedded in the superior segmental 
artery of the lingula. In the remaining ten patients, no 
vascular pulmonary abnormalities were demonstrated 
and no pulmonary arteriovenous communications or 
pulmonary artery aneurysm was demonstrated in any 
of the studied patients. 


Case Reports 


Case 1. A 17-year-old boy, sustained two stab wounds in his right 
chest on 10/2/74. He was admitted elsewhere, a right tube thoracos- 
tomy was performed through the fifth intercostal space midaxillary 
line for hemopneumothorax and he was transferred to our institu- 
tion. On admission to our hospital, he complained of hemoptysis, 
abdominal pain and right chest pain. The previously inserted chest 
tube had drained 800 ml of blood since insertion. One stab wound 
was noted in the posterior chest at the right eleventh intercostal 
space, about 6.5 cm from the midline, and another in the anterior 
chest about 2.5 cm above the right costal margin at the mid- 
clavicular line. His blood pressure was 150/100 mmHg and the 
pulse was 98 beats/min and he had moderate abdominal tenderness 
in the right upper quadrant and decreased bowel sounds. Exploratory 
laparotomy shortly after his admission to our institution showed 
neither diaphragmatic nor intraperitoneal injury. During the opera- 
tive procedure, he developed considerable bleeding in the oro- 
tracheal tube which required repeated suctioning. Postoperatively, 
he continued to have occasional hemoptysis until two days later 
when he coughed up 300—400 ml of bright red blood, and the 
hemoptysis stopped spontaneously. Following this episode, he be- 
came dyspneic with a Po, of 46 mmHg, a Pco, of 33 mmHg, 
and the pH was 7.43, and he had decreased breath sounds in the 
right lower lung field but no murmur was heard. Chest roentgenog- 
raphy showed a radiodensity in the right lower lung field 
posteriorly (Fig. 1). He periodically continued to cough up small 
amounts of old blood, to be tachypneic and dyspneic and his 
blood gases failed to improve. On 10/8/74, he again coughed up 
450 ml of bright red blood. At bronchoscopy, a few hours later, 
some blood clots were found in the right bronchii but no active 
bleeding was noted. His chest roentgenogram remained unchanged 
and on 10/12/74, thoracentesis was performed which yielded only 
50 ml of old blood. He continued to have low grade fever and 
dyspnea but sputum, pleural fluid, and urine cultures were negative. 
On 10/18/74, because of the unexplained dyspnea and low Pos, 
pulmonary arteriogram was done which showed a pulmonary 
arteriovenous fistula at the site of his previous injury (Fig. 2). He 
continued having scanty hemoptysis which stopped on 10/22/74, and 
he became afebrile but continued to be dyspneic and tachypneic 
with arterial Po, ranging from 48 to 52 mmHg. He was advised to 
have decortication of the right lower lung and excision of the 
arteriovenous fistula but he refused and was discharged. 

On 12/4/74, because of his dyspnea and unimproved blood gases, 
he was readmitted and underwent a right thoracotomy. At operation 
the lower lobe was densely adherent to the parietal pleura and was 
encased, in part, with a fibrous peel. After the thickened parietal 
pleura and fibrous peel were removed, the lung segment corres- 
ponding to the old chest wound appeared indurated. The lower lobe 
arteries were dissected and encircled with #2 silk suture and snared 
down. The indurated posterior basilar segment of the lung at the 
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Fics. la and b. (a top, b bottom) Chest roentgenograms showing a 
radiodensity with a suggestive air fluid level in the right lower lung 
field posteriorly. 


site of the arteriovenous fistula was incised and a mass of enlarged 
vessels were exposed and ligated using ligaclips for hemostasis. 
The silk suture which encircled the lower lobe arteries was then 
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FiG. 2. Pulmonary arteriogram — Note the early opacification of the 
right pulmonary vein. 


removed and the lung wound was repaired. His postoperative course 
was uneventful. The Po, returned to normal level and pulmonary 
arteriography on 12/13/74, showed no abnormality. 

The histologic findings of the removed tissue were reported as 
being compatible with a pulmonary arteriovenous fistula. 

Case 2. A 29-year-old man, was admitted to Grady Memorial 
Hospital in February 1979, with a stab wound to the left chest at the 
fifth intercostal space in the anterior axillary line. The patient arrived 
at the surgical emergency clinic with a systolic blood pressure of 60, 
which returned to normal limits after he received three liters of intra- 
venous fluids. The remaining physical examination and review of sys- 
tems were negative. Chest roentgenograms revealed a left hemothorax 
with probable left lung hematoma, and thoracostomy tube drainage 
was established which immediately drained 1600 cc of blood ( Fig. 3). 
Admission white blood cell count was 21.900/mm". hematocrit 
24.6%, and arterial blood gases were adequate on a 25% face mask. 
The patient received four units of packed red blood cells to raise 
the hematocrit to 35.5 7, and his overall hospital course was un- 
eventful. The chest tube drainage decreased, the thoracostomy 
tubes were removed on the seventh postinjury day, and the chest 
roentgenogram at this time revealed a radiodensity in the left lower 
lung field which was felt to be residual loculated hemothorax and 
pulmonary hematoma (Fig. 4). It was elected to observe this density 
on an outpatient basis and the patient was discharged on the ninth 
postinjury day. In the follow-up period the patient remained rela- 
tively asymptomatic, except for periodic episodes of coughing up 
small amounts of blood-tinged sputum, but his left lower lung density 
persisted, and in May 1979 he was admitted for evaluation of this 
lesion. On admission the breath sounds were noted to be decreased 
over the left lower lobe and no murmur, rales, rhonchii. or egophony 
were noted. Repeat chest roentgenogram then again revealed the 
left lower lung field densities (Fig. 5). Chest fluoroscopy showed 
a nonpulsatile 4 x 3.5 cm mass and selective left pulmonary 
angiography demonstrated a traumatic aneurysm of the superior 
segmental branch of the lingula artery (Fig. 6). On 5/30/79, the 
patient was operated on and a 4 cm firm. nonpulsatile mass was 
palpated in the superior lingular segment and lingulectomy was 
performed. The findings of the histologic examination of the resected 
lung were consistent with a false anuerysm of the pulmonary 
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artery. His postoperative course was complicated by atelectasis, 
which cleared after vigorous pulmonary physiotherapy and a thera- 
peutic bronchoscopy. The patient was discharged on the seventh 
postoperative day and since then he has had no difficulty. 


Discussion 


Pulmonary arteriovenous fistula is usually a rela- 
tively rare congenital anomaly associated with heredi- 
tary teleangiectasia. Acquired pulmonary arterio- 
venous fistulas are very rare and are due to metastatic 
thyroid carcinoma, cirrhosis of the liver. pulmonary 
schistomiasis and penetrating lung trauma.'~> The 
latter form is extremely rare and we could find only 
two cases reported in the English literature. + In one 
case, the diagnosis was made ten years after the chest 
injury, the arteriovenous fistula was between the right 
main pulmonary artery and the right superior pul- 
monary vein and it was treated with division and suture 
of the fistula. In the other case, the arteriovenous 
fistula was in the right lower lobe and was diagnosed 
and treated with a right lower lobectomy, 31 years 
after the injury. 

The clinical manifestations of traumatic arterio- 
venous fistula are similar to the fistulas that are con- 
genital in origin. Its diagnosis should be suspected in 
a patient with penetrating injury to the lung with any 
of these clinical manifestations or when the patient 
is complaining of dyspnea and has decreased arterial 
Po,, which are unexplained by the chest roentgeno- 
graphic findings. 

Pulmonary intraparechymal artery aneurysm is also 
a very rare clinical entity which may be congenital. 
mycotic, or may be due to syphilis, tuberculosis. and 
very rarely, to trauma.?^" We could find only five 





FiG. 3. Chest roentgenogram showing elevation of the left diaphragm 
and the density in the left lower lung field. 
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FiG. 4. Chest roentgeno- 
gram showing two left lower 
lung field densities one pos- 
teriorly and another in the 
lingular area. 


reported cases in the English literature of the latter 
variety.5 Traumatic pulmonary artery aneurysms may 
manifest with hemoptysis, dyspnea or chest pain, or 
they may be asymptomatic. Although they occur very 
rarely they should always be considered in a patient 
with a penetrating wound of the lung and a persistent 
well circumscribed radiodensity in the lung at the site 
of injury. 

The diagnosis of traumatic pulmonary arteriovenous 


! 





Fic. 5. Chest roentgenogram showing some resolution of the pre- 
viously noted posterior radiodensity but persistence of the radio- 
density in the lingular area. 
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fistula or pulmonary artery aneurysm can be readily 
established by pulmonary arteriography. 


Although penetrating injury of the lung is very 
common in war, as well as in peace time, traumatic 
pulmonary vascular abnormality, i.e., arteriovenous 
fistula or aneurysm very rarely occur. This may be due, 
as has been suggested earlier,** to the physiologically 
low pressure differential between the pulmonary artery 
and vein and the low pulmonary artery pressure. The 
pulmonary arteriographic abnormalities found in our 22 
patients studied within 72 hours after their injury were 
due to the lack of expansion of the lung secondary to 





FiG. 6. Pulmonary arteriogram showing an aneurysm involving 
the superior segmental branch of the lingular artery. 
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atelectasis or chest wall splinting rather than to the 
penetrating lung injury. These observations suggest 
that the penetrating pulmonary vascular injury, once 
the bleeding stops, usually heals without residual ab- 
normality and only in extremely rare cases, pulmonary 
arteriovenous fistula or pulmonary artery aneurysm 
develops. The treatment for these very rare post- 
penetrating trauma pulmonary vascular lesions, if at all 
possible, should be resection of the lesion itself. Re- 
section of the involved lobe with the vascular lesion 
should be reserved only for the cases in whom the 
extent of the lesion is such that the former procedure 
cannot be performed. 
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Blunt Carotid Artery Trauma 


Report of Two Cases and Review of the Literature 


LEONARD P. KRAJEWSKI, M.D.,* NORMAN R. HERTZER, M.D. 


Blunt carotid artery trauma is uncommon but has been 
associated with severe, permanent neurologic deficits in 42% 
and mortality in 30% of 96 patients previously reported in 
the English literature. Since neurologic symptoms char- 
acteristically develop only after a latent interval and since 
physical evidence of significant cervical trauma often is 
absent, diagnosis of nonpenetrating carotid injuries with the 
use of arteriography usually is delayed until the appearance 
of obvious, frequently irreversible neurologic complications. 
Carotid injuries should be suspected in patients who develop 
monoplegia or hemiplegia following blunt craniocervical trauma, 
particularly if computerized tomography excludes the pres- 
ence of intracranial hemorrhage. The cumulative results of a 
collected series of 96 patients suggest that early surgical 
correction of blunt carotid injuries is appropriate for pa- 
tients with transient episodes of cerebral ischemia, strokes in 
evolution, or mild completed neurologic deficits. 


IGNIFICANT INJURIES of the carotid artery caused 
S by blunt craniocervical trauma are distinctly un- 
usual in comparison to the number of penetrating 
cervical vascular injuries encountered at urban medical 
centers. Seventy of the 72 patients with carotid artery 
trauma described by Rubio and associates'® had stab 
or gunshot wounds while only two sustained non- 
penetrating injuries. Yamada and associates?" found 
that only 51 cases of blunt carotid injury had been 
reported prior to 1967. In this series, the mortality 
rate was 38%, and 82% of survivors experienced 
severe, permanent neurologic deficits. Diagnosis of 
carotid injuries was delayed in 9446 of patients for as 
long as several days because neurologic symptoms 
either resembled those of closed head trauma or 
appeared only after a latent interval. Recommenda- 
tions concerning the management of documented blunt 
carotid injuries for the most part have been anecdotal 
and have included both immediate surgical intervention 
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and nonoperative treatment with the use of dexa- 
methasone and anticoagulants. 

Because of our recent experience with two pa- 
tients who presented with delayed neurologic symptoms 
following nonpenetrating carotid artery trauma, we 
reviewed the English literature and found 44 addi- 
tional cases of this unusual lesion which have been 
published since the report of Yamada and associates. 
The following case reports illustrate many of the typical 
features of blunt carotid injury that have previously 
been described in the collected series of 96 patients. 


Case Reports 


Case 1. This 15-year-old boy sustained blunt trauma to the right 
side of the neck on January 10, 1978, when he struck the support 
cable of a telephone pole while traveling at 25 mph on a snow- 
mobile. Although he had amnesia for three hours, he remained 
conscious and was alert and oriented during his initial medical 
evaluation at a nearby hospital. The neurologic examination was 
normal, as were plain roentgenograms of the skull and of the 
cervical and thoracic vertebrae. A large hematoma was still present 
in the lower right side of the neck, but he had developed no neuro- 
logic symptoms by the time he was discharged from the hospital 
four days later. 

Seventeen days after the snowmobile accident, the patient 
briefly lost consciousness after arising from a chair. He recovered 
within a few minutes, and the neurologic examination was normal 
when he was admitted to the Cleveland Clinic Hospital ap- 
proximately two hours later. A firm, nonpulsatile mass was 
palpable within the anterior aspect of the right sternocleido- 
mastoid muscle. The right carotid pulse was prominent near the 
clavicle but was absent at the level of the mandible. A peri- 
orbital directional Doppler examination suggested that the right 
internal carotid artery was occluded. 

A transfemoral arch aortogram was obtained. The right common 
carotid artery was occluded proximal to the carotid bifurcation 
(Fig. 1). Retrograde flow of contrast medium in the right internal 
carotid artery demonstrated that the carotid bifurcation was patent 
(Fig. 2) and suggested that direct vascular reconstruction was 
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Fic. 1. Case 1, selective right carotid arteriogram. The right common 
carotid artery is occluded at a point proximal to the carotid 
bifurcation. 


feasible. At the time of operation, a thrombus was found to extend 
to the carotid bifurcation from an area of disrupted intima in 
the common carotid artery (Fig. 3). After a temporary carotid 
shunt had been inserted, an autogenous saphenous vein graft was 
used to replace the segment of common carotid artery that con- 
tained injured intima and adherent thrombus. No complications 
occurred, and the patient has been well for 15 months following 
his operation. 

Case 2. This 35-year-old man, who had a history of frequent 
dislocations of the temporomandibular joints, struck the steering 
wheel and the windshield of his automobile during a collision on 
March 20, 1978. He had only a mild headache and returned to his 
home following his initial examination at a nearby hospital. Three 
days later, he experienced a severe frontal headache and weakness 
of the left arm and leg. At the time he was admitted to the Cleveland 
Clinic Hospital, he was found to have bilateral temporomandibular 
dislocations, left facial weakness. and paresis of the left upper 
extremity. A peripheral infarction of the left retina was discovered 
during fundoscopic examination. The superficial temporal and 
carotid pulses were normal, and no cervical bruits were present. 
Computerized tomography of the brain was normal. 

Three hours after his admission to the hospital, he developed 
dysarthria and progressive weakness of the left lower extremity. 
Transfemoral carotid arteriograms were obtained (Fig. 4a and b). 
Intimal disruption was identified within both internal carotid 
arteries, and the right internal carotid artery contained a radio- 
lucent filling defect that appeared to represent a thrombus ad- 
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jacent to the injured intima. Since obvious progression of ne 
rologic deficits could be attributed either to impending occlusi 
of the right internal carotid artery or to cerebral embolizati 
caused by the thrombus, surgical management of the right intern 
carotid lesion was undertaken. The carotid bifurcation contain 
an atheroma which was disrupted near the ostium of the intern 
carotid artery. A soft thrombus was adherent to the site of intim 
injury (Fig. 5). A temporary carotid shunt was inserted, and carot 
endarterectomy was performed. Dexamethasone and anticoagul 
tion with sodium heparin were administered for several days follov 
ing the operation. Weakness involving the left lower extremit 
improved dramatically, but a left hemianopsia and paresis of th 
left upper extremity persisted. 

Eleven days following the operation, a transfemoral arc 
aortogram was obtained (Fig. 6). The right carotid bifurcation an 
the internal carotid artery were normal. and the previous subintim: 
defect within the left internal carotid artery was hardly pe 
ceptible. Another computerized tomogram of the brain eventuall 
demonstrated bilateral cerebral cortical infarcts. The patient cor 
tinues to have a left hemianopsia and left upper extremity monc 
paresis one year following his operation, but he is able to wal 
without disability. 


Comment 


Both patients described in the case reports sustaine 
intimal tears and superimposed thrombosis followin; 
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Fic. 2. Case 1, arch aortogram. The right carotid bifurcation 
(arrow) is opacified by retrograde flow of contrast medium in the 
right internal carotid artery. 
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FiG. 3. Case 1, operative photograph. A thrombus is present at 
the site of intimal injury within a segment of the common carotid 
artery proximal to the carotid bifurcation. 


blunt carotid artery trauma. Each developed neurologic 
symptoms only after a latent interval of several days, 
and neither was suspected to have a significant cervical 
vascular injury at the time of his initial medical 
evaluation. While complete carotid occlusion was re- 
sponsible for the eventual appearance of symptoms in 
patient 1, cerebral embolization probably was the cause 
of bilateral cortical infarcts and focal retinal ischemia 
in patient 2. The suspected mechanism of injury in 
patient 2, compression of both internal carotid arteries 
between the dislocated mandible and the transverse 





FiG. 4. (a, left) Case 2, selective left carotid arteriogram. An intimal 
tear (arrow) is present within the internal carotid artery. (b, right) 
Case 2, selective right carotid arteriogram. A radiolucent filling 
defect (arrow) represents thrombus at the site of an intimal tear 
within the internal carotid artery. 


FiG. 5. Case 2, operative photograph. The thrombus which ap- 
peared as a radiolucent filling defect in the internal carotid artery 
during arteriography is indicated by the arrow. 


processes of the cervical vertebrae, is particularly 
unique. To our knowledge, this is the only patient 
reported to survive bilateral simultaneous carotid 
artery injuries. We could find only one other similar 
case in which bilateral carotid artery injuries were 
confirmed by post mortem examination.*! 


Discussion 


Blunt injuries comprise only 346 of all cervical 
carotid trauma! but, if unrecognized, are associated 
with substantial early mortality and a high incidence 
of severe neurologic complications. We have collected 
a series of 96 patients with nonpenetrating carotid 
injuries, including 52 patients described by Yamada 
and associates in 1967 and an additional 44 patients 
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FiG. 6. Case 2, postoperative arch aortogram. The right carotid 
bifurcation is normal, and disruption of the intima of the left 
internal carotid artery has nearly resolved. 
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TABLE l. Summary of the Sources of Trauma end Associated 
Physical Signs in a Collected Series of 96 Reported 
Patients with Blunt Injuries of the 
Carotid Artery! 79720.22 


eee 


Collected Series 





Patients Per Cent 


a a 


Sources of trauma 


vehicular accident 53 SS 
fall 16 17 
object striking head or neck 14 15 
fist fight (brawl) 10 10 
boxing 2 2 


diagnostic carotid compression | | 


Total 96 100 
Physical signs of trauma 
present 38 40 
absent 48 50 
not stated 10 10 
Total 96 100 


i 


subsequently reported in the English literature. The 
sources of trauma in the collected series are given 
in Table 1. Vehicular accidents accounted for a 
majority of blunt carotid injuries, but only 7% of the 
96 patients could recall receiving a blow directly to 
the neck. Because closed head injuries, such as epidural 
hematoma, subdural hematoma, and cerebral con- 
tusion, are far more common, an accurate diagnosis 
of blunt carotid trauma was considered for only 6% 
of patients at the time of their hospital admissions. 
Since 24% of patients did have concomitant closed 
head trauma and since at least 50% had no physical 
sign of direct cervical trauma (Table 1), an immediate 
diagnosis of blunt carotid injury has been exceedingly 
difficult to determine on the basis of historical or 
physical evidence during the initial medical examination. 

Only 10% of patients with nonpenetrating carotid 
trauma presented with focal neurologic symptoms? 
compared to 3546 of another series of patients with 


TABLE 2. Delay in Appearance of Neurologic Symptoms Following 
Blunt Injuries of the Carotid Artery tn the 
Collected Series of 96 Patients 


—————————————————À—————Éu 


Collected Series 





Patients Per Cent 


————————————————— ————É 


Onset of symptoms (hours) 


0— 1 6 6 
1-4 16 17 
4-10 16 17 
10—24 22 23 
Over 24 34 35 
Not stated 2 2 
Total 96 100 
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TABLE 3. Sites and Cause of Vascular Trauma in the Collected 
Series of 96 Patients with Blunt Injuries of the Carotid A rtery 


——ÁÁ————————— AR 


Collected Series 





Patients Per Cent 


—————————— M 


Site of injuries 


common carotid proximal to bifurcation Fi 7 
at or near carotid bifurcation 47 49 
internal carotid between bifurcation and 
base of skull 36 38 
internal carotid at base of skull 6 6 
Total 96 100 
Cause of injuries 
no apparent arterial wall injury 14 15 
disruption of intima 34 35 
intramural hemorrhage 6 6 
carotid fibrosis 4 4 
not stated 38 40 
Total 96 100 


stab or gunshot wounds.'* Nevertheless. 51 of the 52 
patients reported by Yamada and associates eventually 
developed monoparesis or hemiparesis after a latent 
interval of several hours to a few days, a character- 
istic feature of blunt carotid injury (Table 2) that 
has been confirmed in a number of subsequent re- 
ports.519».7 71922 While patients with intracranial 
hemorrhage generally become obtunded by the time 
focal neurologic signs appear, patients with carotid 
injuries typically remained alert and oriented,!'^ a 
distinction which may assume considerable diagnostic 
importance. 

The sites and proposed cause of carotid injuries 
in the collected series of 96 patients are given in 
Table 3. While 75% of penetrating carotid injuries have 
been reported to occur in the common carotid artery,“ 
93% of nonpenetrating trauma involved the carotid 
bifurcation or the internal carotid artery. The source 
of trauma probably is the principal factor that de- 
termines the site of carotid injury??!!: — A direct blow 
to the neck most frequently injures the carotid bi- 
furcation, possibly because of the presence of friable 
atheromatous disease in this segment; 2) A blow to the 
head initiating abrupt extension and rotation of the 
neck to the opposite side may stretch the distal internal 
carotid artery across the transverse processes of the 
first three cervical vertebrae. Horner's syndrome 
may occur in association with such an injury because 
of the proximity of the superior cervical sympathetic 
chain to the internal carotid artery at this level!":!?: 
3) Intraoral trauma by foreign objects, especially 
prevalent in children, may injure the internal carotid 
artery as it courses posterior to the tonsillar fossa; 
4) Basilar skull fractures may lacerate the petrosal 
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segment of the internal carotid artery, an injury which 
often is discovered only during postmortem examination. 

After determining that several reported cases of blunt 
carotid injury were associated with fractures of the 
sternum, Hughes and Brownell? produced such frac- 
tures in cadaver specimens and found that the de- 
pressed sternal fragments tethered the innominate 
artery so that the distal common carotid artery and 
the internal carotid artery appeared to be susceptible 
to sudden stretch injury. Trauma in our collected 
series often was unimpressive, however, and severe 
nonpenetrating carotid injuries have been described 
following ordinarily innocuous events, such as a fall 
from a bicycle,? or careless manipulation of a tooth- 
brush. The diagnosis of blunt carotid injuries in 
children may be especially difficult because of delay 
in the appearance of neurologic symptoms following 
unwitnessed trauma that may have seemed trivial to 
the victim. 

Focal intimal disruption with subsequent thrombosis 
was documented in 3596 of nonpenetrating carotid 
injuries in the collected series (Table 3). In addition, 
obscure or inaccessible tears may have been re- 
sponsible for some, if not most, of the 6596 of cases 
in which the arterial wall injury was never identified.” 
Although carotid atherosclerosis would seem to be a 
predisposing factor to intimal disruption following 
blunt cervical trauma, the presence of an atheroma 
was confirmed in only 1446 of patients. Cerebral 
ischemia caused by progressive carotid thrombosis at 
the site of intimal injury probably was responsible 
for the delayed appearance of neurologic symptoms 
in many patients, but cerebral embolization was also 
an important consideration.?^??? Lower and asso- 
ciates? reviewed 20 patients who sustained thrombosis 
of the middle cerebral artery following blunt trauma 
and determined that 18 of these patients probably 
had cerebral emboli from cervical carotid artery 
injuries. 

The diagnosis of carotid injury should be con- 
sidered whenever an alert patient develops focal neu- 
rologic signs during an interval of a few hours to 
several days following blunt trauma, especially if a 
cervical hematoma or Horner's syndrome is present. 
Carotid arteriography is necessary to confirm the diag- 
nosis and to determine whether surgical management 
of the injury is feasible. While 69% of the 52 patients 
reported by Yamada and associates underwent arteriog- 
raphy as an initial diagnostic procedure, immediate 
craniotomy was done without arteriography in another 
18% because of an errant diagnosis of epidural or 
subdural hematoma. In 11% of this series, the diagnosis 
of nonpenetrating carotid injury was established only 
after postmortem examination. In comparison, blunt 
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TABLE 4. Results of Surgical and Nonoperative Management 
of Blunt Injuries of the Carotid Artery in the 
Collected Series of 96 Patients 


Collected Series 


Patients Per Cent 
Surgical management 
no neurologic deficit 14 32 
minimal deficit 2 4 
moderate deficit 5 11 
severe deficit 18 40 
dead 6 13 
Total 45 100 
Nonoperative management 
no neurologic deficit 2 4 
minimal deficit 2 4 
moderate deficit 3 6 
severe deficit 22 43 
dead 22 43 
Total 5] 100 


carotid injuries were identified by arteriography in 98% 
of cases that have been reported since 1967, a trend 
which probably reflects the aggressive use of arteriog- 
raphy to exclude the presence of intracranial hemor- 
rhage. In many medical centers, computerized tomog- 
raphy currently has supplanted arteriography as the 
preferred diagnostic investigation when a traumatic 
intracranial hematoma is suspected. Considering the 
possibility that nonpenetrating carotid injury may have 
occurred, patients with distinct neurologic deficits fol- 
lowing blunt trauma should undergo arteriography if 
the results of computerized tomography are normal. 
In addition, methods for noninvasive assessment of 
internal carotid blood flow, such as periorbital direc- 
tional Doppler examination or oculoplethysmography, 
may be helpful in patients whose symptoms might 
be associated with progressive carotid thrombosis at 
the site of intimal disruption. 

The results of surgical and nonoperative manage- 
ment in the collected series of 96 patients are given 
in Table 4. Death or severe permanent neurologic 
deficits occurred in 86% of patients receiving non- 
operative management and in 53% of those who under- 
went arterial reconstruction. Thirty-two per cent of 
patients were asymptomatic following surgical manage- 
ment, but only 4% were asymptomatic if no operation 
was performed. While the nonoperated group un- 
doubtedly includes some patients who had completed 
strokes and were not considered to be surgical can- 
didates, it appears that early recognition and repair of 
nonpenetrating carotid injuries were substantially 
responsible for improved results in the surgical group. 
Of the 52 patients collected by Yamada and asso- 
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ciates in 1967, all 31 patients treated nonoperatively 
and 71% of 21 patients treated surgically either died 
or had severe strokes. Of the 44 patients reported 
since 1967, death or permanent strokes occurred in 
65% of 20 patients treated nonoperatively and in 37% 
of 24 patients treated surgically. 

We believe that principles which have been es- 
tablished for management of chronic occlusive extra- 
cranial cerebrovascular disease may be applied to 
treatment of patients with impending carotid occlusion 
or cerebral embolization caused by nonpenetrating 
carotid trauma. Patients who have completed hemi- 
plegic deficits should be treated without operation 
since they have little to gain from carotid reconstruc- 
tion and could sustain hemorrhagic cerebral infarction 
following revascularization. However. surgical in- 
tervention should be considered for patients with 
episodes of transient cerebral ischemia. progressive 
neurologic deterioration (stroke in evolution), and even 
mild completed neurologic deficits associated with 
carotid injuries documented by arteriography. Unless 
the accumulation of thrombus at the site of arterial 
injury is corrected by operation, such patients may 
experience additional neurologic complications caused 
by continued cerebral embolization or progressive 
carotid occlusion. Even complete thrombosis of the 
internal carotid artery may be managed successfully 
if thrombectomy and intimal repair are accomplished 
within hours after the onset of neurologic symp- 
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Diagnosis of Carotid Artery Stenosis 


Comparison of Oculoplethysmography and 


Doppler Supraorbital Examination 


JAMES M. MALONE, M.D., BARTON BEAN, JOSE LAGUNA, M.D., ROBERT HAMILTON, MD., 


Both Doppler supraorbital examination (OSM) and oculopleth- 
ysmography (OPG) were administered to 101 patients (202 
arteries) to document the presence or absence of hemodynam- 
ically significant lesions of the internal carotid artery prior 
to angiography. There was no significant difference between 
the OSM and OPG with respect to diagnostic sensitivity or 
specificity, incidence of false-negative or false-positive results, 
and overall diagnostic accuracy. The diagnostic accuracy for 
the OSM and the OPG were 94.2% and 91.6%, respectively. 
In 171/202 (84.6%) arteries, the OSM and OPG were in diag- 
nostic agreement, and the overall diagnostic accuracy of the 
combined tests was 97%. However, when the OSM and OPG 
did not agree (31/202 arteries, 15.4%), the diagnostic accuracy 
of neither the OSM nor the OPG was acceptable. Although 
the best diagnostic accuracy was obtained using two means of 
noninvasive cerebrovascular testing, in those instances where 
only one test may be available, the OPG would appear to be 
the test of choice. In those laboratories in which high diagnostic 
accuracy is obtained with the OSM, the addition of OPG testing 
will increase the overall diagnostic accuracy to a very high 
level. The presence of a midcervical bruit was found to have 
a very poor correlation with the incidence of hemodynamically 
significant stenoses of the internal carotid artery. Although 
both the OSM and OPG have minimal value in patients with 
symptomatic cerebrovascular disease, these tests play a very 
important role in screening patients for asymptomatic carotid 
stenosis or atypical cerebrovascular symptoms. 


HE UTILIZATION OF NONINVASIVE instrumentation 

for the diagnosis of carotid artery disease is 
well established. However, the variability of diag- 
nostic accuracy among different types of testing equip- 
ment is also well recognized.??*:'* Several reports have 
evaluated and compared carotid phonoangiogra- 
phy,^7'* Doppler supraorbital examination, ^^^! 77 
oculoplethysmography (OPG-Kartchner),?^!!^*. oph- 
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thalmodynemometry,"” oculopneumoplethysmography 
(OPG-Gee),?5:9:15. and supraorbital photoplethys- 
mography.' Most, if not all, of these test modalities 
have been criticized because of one or several of 
the following problems: ocular complications, cost 
effectiveness, initial equipment costs, length of testing 
time, requirements of technician expertise, lack of an 
objective diagnostic record, and instrument diagnostic 
accuracy. We have previously reported a diagnostic 
accuracy greater than 90% for Doppler supraorbital 
testing (ophthalmosonometry, OSM).'** While the 
OSM is simple, cost effective, and dependable in our 
Vascular Diagnostic Laboratory, we recognize that 
technician variability is the main reason that other in- 
vestigators have reported OSM accuracy rates ranging 
from 54 to 9896.! 2*5 The purposes of this report are 
to describe our experience with oculoplethysmography 
(Zira OPG-100), to compare its accuracy with that of 
ophthalmosonometry (OSM), and to validate its 
accuracy by correlating test data with subsequent 
biplane carotid arteriography. To our knowledge, this 
material constitutes the first published report on the 
diagnostic accuracy of the Zira OPG unit. 


Materials and Methods 
Diagnostic Techniques 


Doppler supraorbital testing (ophthalmosonometry, 
OSM) was performed using a Parks Model 906 Bi- 
directional Doppler Flowmeter. The meter was set to 
omit a 9.5MHz signal. The reflected signal was mon- 
itored by ear, using headphones, and was displayed 
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visually on a standard 3-channel DC input recorder. 
The specific techniques and guidelines for diagnostic 
interpretation of the OSM have been described pre- 
viously, and will not be discussed in this repart, an 
Oculoplethysmographic testing was performed using 
a Zira OPG-100-A. Ocular pulse wave forms are ob- 
tained using air-interface ocular cups. Ear pulse wave 
forms are obtained using photoplethysmographic 
sensors placed on the pinna of each ear. The elapsed 
time in milliseconds between the rising portion of the 
pulsatile wave forms from the right and left eyes and 
the right and left ears are digitally displayed in three 
windows on the front panel of the Zira OPG-100 
(Fig. 1). Reading from left to right, one sees displayed 
in the three windows on the front of the Zira OPG unit 
the ear-to-ear delay (external carotid occlusive dis- 
ease), eye-to-eye delay (internal carotid occlusive dis- 
ease), and eye-to-ear or ear-to-eye delay (bilateral ex- 
ternal or internal carotid occlusive disease). In the 
auto-average mode, the arithmetic mean cf eight noise- 
free, blink-free pulse delays are automatically cal- 
culated and held on the display units. Three separate 
auto-average cycles are performed and recorded for 
normal eyecup placement, as well as for cross-eyecup 
placement. This allows final data evaluation from 48 
noise-free, blink-free pulse wave forms. presented as 
six average readings (three normal cup placements, 
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Fic. 1. The Zira OPG-100 
RESET HOLD unit has three windows for 
data readout. Facing the 
unit, the examiner reads 
from left to right: Window 1 
displays ear-to-ear delay 
(external carotid occlusive 
AUTO disease); Window 2 dis- 
—À plays eye-to-eye delay (in- 
ternal carotid occlusive 
disease); and Window 3 
displays eye-to-ear or ear- 
to-eye delay (bilateral ex- 
ternal or internal carotid 
occlusive disease). 


x 
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three cross-cup placements) of eight pulse wave 
forms each. 

For the test to be technically valid, three conditions 
must be met: the pulse delay averages must be within 
+3 milliseconds for eye-to-eye readings; the pulse 
delay averages must be within +5 milliseconds for 
ear-to-ear and ear-to-eye readings; and there must be 
a confirmation on the side of eye-pulse delay (internal 
carotid stenosis) in both the normal and cross-eyecup 
modes (/.e., 10—15 millisecond delay in right eye-to- 
eye readings in the normal cup placement should re- 
verse to 10-15 millisecond delay left eye-to-eye 
readings with cross-cup placement). Failure to meet 
these conditions results in an invalid test. 

The diagnostic criteria for interpretation of ear- 
to-ear, eye-to-eye, and eye-to-ear pulse delays are as 
follows: a delay of more than 30 milliseconds in the 
ear-to-ear pulse delay (Window 1) is suggestive of a 
probable stenosis in the external carotid artery on the 
displayed side in comparison to the other side; an eye- 
to-eye pulse delay (Window 2) of more than 10 milli- 
seconds indicates significant flow reduction in the in- 
ternal carotid artery on the displayed side in compari- 
son to the other side; an eye-to-ear pulse delay (Window 
3) of more than 30 milliseconds indicates probable bi- 
lateral internal carotid stenosis for eye delay, and bi- 
lateral external carotid stenosis for ear delay. 
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In the equipment instructions that accompany the 
Zira unit, the manufacturers make the following com- 
ments: false-negative results may be obtained for sym- 
metrical internal and external bilateral carotid disease; 
false-positive results are obtained in the presence of 
ophthalmic artery disease in the absence of ipsilateral 
internal carotid artery disease; and, oculoplethysmog- 
raphy is not diagnostically effective in determining 
the existence of an ulcerative plaque that is not hemo- 
dynamically significant. We strongly concur with all 
three observations. 

Carotid angiography was performed by our Neuro- 
radiology Section using standard Seldinger percu- 
taneous transfemoral selective carotid injection tech- 
niques. 


Clinical Material 


Prior to cerebral angiography, 101 patients (202 
arteries) underwent both OSM and OPG evaluations. 
The age range was 44-79 years; the median age was 
61 years, and the mean age was 62.5 years. Midcervical 
(carotid bifurcation) bruits were noted in 49/202 (24.3%) 
arteries, and in 42/101 (41.6%) patients. 


Statistical Interpretation 


The statistical method used to determine diagnostic 
sensitivity, specificity, false-positive rate, false-nega- 
tive rate, and overall diagnostic accuracy has been 
standardized (Lye, Sumner, and Strandness)," and is 
shown in Table 1. A 2 x 2 table is constructed com- 
paring the diagnostic test in question with the refer- 
ence-standard test, which in this case is cerebral 
angiography. After analysis of test and angiographic 


TABLE 1. Cerebral Angiography 


ee 


Reference-Standard Test 














Positive Negative 
a ge — '' Án: 
Diagnostic test being evaluated 

OSM or OPG 
positive A B 
negative E D 
-e OO a MN MEME. 
Diagnostic sensitivity = 
j PURA 
Dia nostic specificity — P 
rae 7 B+D 
s B 
False-positive rate — 
A+B 
C 
False-negative rate — 
C+ D 
A+ D 


Overall diagnostic accuracy = ———— ———— 
j y A+B+C+D 
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TABLE 2. Angiographic Findings 


nl 


Patients Per Cent 
i 
Normal internal carotid 85/202 42.0 
Abnormal internal carotid 117/202 58.0 
Plaque 6/202 3.0 
Ulcer 21/202 10.4 
<50% stenosis 41/202 20.3 
>50% stenosis 28/202 13.9 
Occlusion 21/202 10.4 


nn TTT 


results, the data are tabulated as shown in Table 1. 
Each diagnostic test can be analyzed using this type 
of diagnostic table, and the results of tests can then 
be compared using a 2 x 2 chi square table corrected 
for continuity. 

We have chosen to define false-positive and false- 
negative determinations as shown in Figure 1° rather 
than to use another commonly described definition 
(false-positive rate = B/(B + D); false-negative rate 
= (CKA + C)). Our false-negative and -positive data 
relate the likelihood of error to the test’s being nega- 
tive or positive in fact, while use of the other interpreta- 
tion yields figures which are merely the complements 
of the diagnostic specificity (false-positive = [1 — D/ 
(B + D)]100%) and of the diagnostic sensitivity (false- 
negative = [1 — AA + C)]100%). 


Results 
Arteriographic Examination 


A significant stenosis of the internal carotid artery 
was defined as greater than a 50% reduction in diameter, 
based upon biplane selective carotid angiographic 
study. A 50% reduction in arterial diameter represents 
a 70% decrease in cross-sectional area of the internal 
carotid artery. This has been accepted by most in- 
vestigators as the point at which internal carotid 
stenosis becomes hemodynamically significant. 

There were no deaths or neurologic complications 
associated with angiography. Minor femoral hema- 
tomas, not requiring surgical draining, were noted in 
2/101 (2%) patients. 

The arteriographic findings are summarized in Table 
2. A stenosis greater than 50% or occlusion of the 
internal carotid artery was demonstrated in 49/202 
(24.3%) arteries. Hemodynamically insignificant dis- 
ease or no disease was noted in 153/202 (75.7%) arteries. 


Significance of Midcervical (Carotid Bifurcation) Bruits 


A carotid bifurcation bruit was noted in 49/202 
(24.3%) arteries. Varying degrees of angiographically 
proven occlusive disease involving the internal carotid 
artery were seen in 31/49 (63.3%) arteries with bruit, 


TABLE 3. OSM Evaluation 


E 
Arteriography 


Positive Negative 
ai gf et a RN 
OSM* 
positive 39 4 
negative 7 139 


* OSM indeterminate test excluded. 

3/49 arteriogram positive (6.1%) 

10/153 arteriogram negative (6.5%) 
Diagnostic sensitivity 39/46 = 84.7% 
Diagnostic specificity 139/143 = 97.2% 
False-positive rate 4/43 = 9.3% 
False-negative rate 7/146 = 4.8% 

Overall diagnostic accuracy 178/189 = 94.2% 


and disease of either the internal or external carotid 
artery was noted in 37/49 (75.5%) arteries with bruits. 
However, only 11/49 (22.4%) arteries with carotid 
bifurcation bruits were associated with a hemodynam- 
ically significant lesion, and the mean stenosis of the 
internal carotid artery in those 49 arteries associated 
with bruits was only 29.8%. There were 28 arteries 
with angiographically proven stenoses greater than 
5076, but only 11/28 (39%) arteries were associated with 
a midcervical (carotid bifurcation) bruit. 


Ophthalmosonometric Evaluation 


There are three types of test results from OSM 
evaluation: positive, negative, and indeterminate (a 
nondiagnostic test). Of the internal carotid arteries 
associated with angiographically proven, significant 
internal carotid stenosis, 3/49 (6.1%) were indetermi- 
nate to OSM evaluation. There were 10/153 (6.5%) 
internal carotid arteries associated with less than 50% 
stenosis by angiographic evaluation which were as- 
sociated with indeterminate OSM evaluation. In 
other words, approximately 6% of the arteries were 
nondiagnostic to OSM evaluation. Changes in the dis- 
tribution of indeterminate OSM results as a function 
of per cent stenosis of the internal carotid artery 
are shown in Table 10. Notice that indeterminate OSM 
results are lowest with either minimal (<25% stenosis) 
or high-grade (77546 stenosis) occlusive disease of the 
internal carotid artery. OSM diagnostic accuracy, 
excluding indeterminate OSM results, is compared to 
angiography in Table 3. The false-positive and -nega- 
tive rates for OSM evaluation were 9.3% and 4.8%. 
respectively. The overall diagnostic accuracy of the 
OSM was 94.2% (178/189). 


Oculoplethysmographic Evaluation 


Use of the Zira OPG-100 results in two diagnostic 
categories: the presence of a hemodynamically sig- 


MALONE AND OTHERS 


Ann. Surg. e March 1980 


nificant stenosis (positive), or the absence of an occlu- 
sive lesion (negative). Unlike the OSM, there is no 
indeterminate OPG category. The diagnostic accuracy 
of the OPG compared to arteriography is demonstrated 
in Table 4. The false-positive and -negative rates for 
OPG evaluation were 10 and 8%, respectively. The 
overall diagnostic accuracy of the Zira OPG-100 was 
91.6% (185/202). 

The OPG delay (in milliseconds) for eye-to-eye 
(unilateral internal carotid stenosis) and eye-to-ear 
(bilateral internal carotid stenosis) was compared with 
the per cent internal carotid stenosis demonstrated on 
arteriography to evaluate the correlation of OPG 
readings with severity of internal carotid stenosis or 
occlusion. Of the 49/202 (24%) internal carotid arteries 
with angiographically documented stenosis (>50%) or 
occlusion, 13 arteries could not be evaluated since 
their OPG test results were false-negative. For the 
remaining 36 arteries, the per cent stenosis, number 
of arteries, and OPG test results (range and mean +1 
Standard deviation) are shown in Table 5. It is very 
important to note that there was no Statistically sig- 
nificant correlation between OPG delay times and 
either per cent internal carotid stenosis or presence 
of internal carotid occlusion (p = 0.01). 


Correlation of Ophthalmosonometry and Oculopleth- 
ysmography 


Statistical correlation of OSM and OPG (Zira) as 
individual tests for diagnosis of hemodynamically 
significant internal carotid stenosis failed to demon- 
Strate statistically significant differences between the 
OSM and OPG in diagnostic sensitivity or specificity, 
false-positive or -negative rate, and overall diagnostic 
accuracy (p = 0.01) (Tables 3 and 4). 

Statistical correlation of the composite results for 
OSM and OPG when data for both studies are com- 
bined and then compared with angiography can be 
divided into three categories: OSM and OPG agree; 
OSM indeterminate; and OSM and OPG disagree. The 
OSM and OPG test results were in agreement in 


TABLE 4. OPG Evaluation 
————— ee ee ee 





Arteriography 
Positive Negative 
a ee ee 
OPG 
positive 36 4 
negative 13 149 


——————————Éna—— 
Diagnostic sensitivity 36/49 = 73.0% 
Diagnostic specificity 149/153 = 97.0% 
False-positive rate 4/40 = 10.0% 
False-negative rate 13/162 = 8.0% 
Overall diagnostic accuracy 185/202 = 91.6% 
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TABLE 5. Correlation of OPG Delay and Per Cent 
Internal Carotid Stenosis 








Per Cent 
Internal OPG Delay 
Carotid Number of (in milliseconds) 
Stenosis Arteries Range Mean * I SD 
50—60 l 14.5 14.5 
60—70 3 17.9—34.0 24.6 + 8.4 
70—80 2 12.4—49.4 30.9 + 26.1 
80—90 3 19.0—56.0 33.5 + 19.8 
90— 99 10 17.6—62.0 31.0 + 13.8 
100 (Occlusion) 17 10.0—39.7 25.9 + 10.7 


171/202 (84.6%) arteries. There were 31 OSM-OPG 
positive and 140 OSM-OPG negative examinations. 
The composite data of the OSM and OPG in agree- 
ment compared to arteriographic results are shown in 
Table 6. When both the OSM and OPG were positive, 
indicating a hemodynamically significant lesion in the 
internal carotid artery, there were no false-positive 
results. When both the OSM and OPG were negative, 
indicating absence of a hemodynamically significant 
lesion in the internal carotid artery, the false-negative 
rate was 3.5%. The overall diagnostic accuracy when 
the OSM and OPG agreed was 97% (166/171 arteries) 
(Table 6). The OSM test results were indeterminate 
(could not be read as either positive or negative) 
in 13/202 (6.5%) arteries. When the OSM was inde- 
terminate, the OPG was associated with an overall 
diagnostic accuracy rate of 84% (Table 7). Excluding 
the indeterminate OSM tests, the OSM and OPG dis- 
agreed in 18 arteries (8.9%). Analysis of the data when 
the OSM and OPG disagreed is shown in Tables 
8 and 9. Reliance on the OPG resulted in an overall 
diagnostic accuracy of only 39% (Table 8). Reliance 
on the OSM resulted in a diagnostic accuracy of 61% 
(Table 9). Although the difference in diagnostic ac- 
curacy rates for the OSM and OPG is large, it is not 
Statistically significant (p = 0.01). In other words, if 
the OSM and OPG test results, excluding the inde- 


TABLE 6. Combined OSM-OPG Evaluation 
(Agreement of Test Results) 


Arteriography 
Positive Negative 
OSM-OPG* 
positive 3l 0 
negative 5 135 


* Test results agree, positive or negative. Indeterminate OSM 
results excluded. 

Diagnostic sensitivity 31/36 = 86.0% 

Diagnostic specificity 135/135 = 100.0% 

False-positive rate 0/31 = 0.0% 

False-negative rate 5/140 = 3.5% 

Overall diagnostic accuracy 166/171 = 97.0% 
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TABLE 7. OPG Reliability (Indeterminate OSM) 


Arteriography 


Positive Negative 
OPG 
positive 2 | 
negative l 9 


Diagnostic sensitivity 2/3 = 66% 
Diagnostic specificity 9/10 = 90% 
False-positive rate 1/3 = 33% 
False-negative rate 1/10 = 10% 

Overall diagnostic accuracy 11/13 = 84% 


terminate OSM results, disagreed, then neither the 
OSM nor the OPG had statistical reliability compared 
to each other. 

Comparison of the overall diagnostic accuracy for 
the OSM and OPG as a function of per cent stenosis 
of the internal carotid artery is shown in Table 10. 
Notice that the diagnostic accuracy of both is highest 
in the absence of occlusive disease of the internal 
carotid artery and in the presence of high-grade stenosis 
(>75%) or occlusion of the internal carotid artery. 
There is no statistically significant difference between 
the OSM and OPG as a function of per cent stenosis 
of the internal carotid artery (p = 0.01). Nor is there 
any statistically significant difference between the 
diagnostic accuracy of the OSM for stenoses ranging 
from 50-75% and from 75-—100%; however, the OPG 
has significantly improved accuracy under similar 
analysis (p = 0.05). Statistical analysis of the diagnostic 
accuracy of OSM and OPG test results for hemody- 
namically significant occlusive disease of the internal 
carotid artery is shown in Table 11. The OSM and 
OPG had an overall diagnostic accuracy of 85 and 73%, 
respectively. There was no statistically significant dif- 
ference in overall diagnostic accuracy of the OSM and 
the OPG in diagnosis of hemodynamically significant 
occlusive disease of the internal carotid artery. 


Discussion 


Comparison of the individual accuracy rates of 
ophthalmosonometry and oculoplethysmography with 
arteriography demonstrated similar diagnostic results. 


TABLE 8. OSM and OPG Results Disagree: Rely on OPG 


Arteriography 
Positive Negative 
OPG 
positive 3 3 
negative 8 4 


Overall diagnostic accuracy 7/18 = 39%. 
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TABLE 9. OSM and OPG Results Disagree: Rely on OSM 


Fe a a ee a ROSE eae OES 
Arteriography 





Positive Negative 
OSM 
positive 8 4 
negative 3 3 
—————— ee 
Overall diagnostic accuracy 11/18 = 61%. 


There was no significant difference between the OSM 
and OPG in diagnostic sensitivity or specificity, false- 
negative or false-positive rates, and overall diagnostic 
accuracy. While the overall diagnostic accuracy rates 
of the OSM and OPG, 94.2 and 91.6%. respectively, 
are both acceptable, the OPG may have several 
advantages over the OSM for the noninvasive assess- 
ment of the internal carotid artery. The diagnostic 
accuracy of OSM evaluation has been repeatedly 
Shown to depend upon the training and experience 
of the vascular technician. Recent reports emphasize 
this fact by their wide spread of accuracy, ranging 
from 54—98%.'" [n addition, the OSM is associated 
with at least a 6% incidence of indeterminate tests 
(nondiagnostic). Although the Zira OPG unit is ex- 
pensive, it has the advantages, despite a relatively 
high rate of false-positive tests, of an instrument read- 
out that is objective and easy to assess as either posi- 
tive or negative, reproducible results, and an overall 
diagnostic accuracy greater than 90%. Two points re- 
garding OPG testing must be emphasized, however. 
In order to achieve reliable OPG results, the test 
procedure must meet the testing criteria outlined in 
our Materials and Methods section, and the OPG relia- 
bility is reduced in patients with bilateral carotid 
occlusive disease. 

The best diagnostic results in this study were ob- 


tained when both testing modalities were used (Table 


6). The OSM and OPG results agreed in 84.6% of the 
arteries (171/202). When the OSM and OPG were in 
agreement, the overall diagnostic accuracy was 97% 
(166/171). In addition, the diagnostic sensitivity was 
86%, the diagnostic specificity was 100%. the false- 
positive rate was 0%, and the false-negative rate was 


Ann. Surg. e March 1980 


3.5%. These combined results represent the most 
accurate screening results published to date. However. 
when the OSM and OPG did not agree, the diagnostic 
accuracy of either test individually was unacceptably 
low—61% and 39% for the OSM and OPG. respec- 
tively. Therefore, if both the OSM and OPG are to 
be used, they have validity only when the tests agree. 
When they do not agree, the data is unreliable as 
screening information for the presence or absence of a 
hemodynamically significant stenosis of the internal 
carotid artery. 

It was initially suggested by the manufacturer of 
the OPG unit (Zira International) that there was a 
correlation between millisecond delay and the degree 
of internal carotid stenosis. Our data, however. do 
not support this claim. There was no correlation be- 
tween the length of millisecond delay and the percent 
stenosis in the internal carotid artery (Table 5). There- 
fore, the information on the Zira unit should be inter- 
preted only as stenotic or nonstenotic. 

In any study analyzing the accuracy of noninvasive 
instrumentation for the diagnosis of carotid artery 
occlusive disease, the number of arteries with SIg- 
nificant occlusive disease compared to the number 
of arteries without significant artery disease has a major 
impact on interpretation of data. As shown in Table 
I0, the diagnostic accuracy of both the OSM and OPG 
is highest with nonocclusive disease (<50% stenosis) 
or very high-grade occlusive disease (759€ stenosis, 
or occlusion). Inclusion of large numbers of internal 
carotid arteries with moderate to severe occlusive dis- 
ease (50-75% stenosis) would be expected to decrease 
the overall diagnostic accuracy of both the OSM and the 
OPG, while the inclusion of large numbers of internal 
carotid arteries that are either "normal" or occluded 
would be expected to significantly increase the overall 
diagnostic accuracy of both the OSM and the OPG. 
Therefore, interpretation of individual test results, 
evaluation and comparison of noninvasive diagnostic 
equipment, and the analysis of different series com- 
paring the diagnostic accuracy of noninvasive test 
modalities for the diagnosis of carotid artery disease 
must include an analysis of instrument accuracy as 
a function ofthe per cent stenosis of the internal carotid 


TABLE 10. Diagnostic Accuracy of the OSM and OPG as a Function of Stenosis of the Internal Carotid Artery 


Per Cent Stenosis 


T 1o i aO 
0-25 25-50 50-75 75—100 
OSM OPG OSM OPG OSM OPG OSM OPG 
Overall diagnostic accuracy 97% 97% 100% 100% 63% 40% 87% 80% 
Indeterminant OSM test S% 20% 5% 


p-value NS 
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artery. Such an analysis for our data is shown in Tables 
10 and 11. 

The diagnostic value of noninvasive cerebrovascular 
screening tests must be placed in clinical perspective. 
While both the OSM and OPG correctly identified 
lesions of hemodynamic significance in more than 90% 
of the arteries evaluated, neither test has value as a 
screening test for nonstenotic ulcerative lesions of the 
internal carotid artery. Furthermore, hemispheric or 
monocular eye symptoms that can be labeled as clearly 
of carotid origin are usually embolic in nature rather 
than flow related, and the source of emboli may just 
as easily be an ulcerative nonstenotic lesion as a 
stenotic lesion with irregular surface. Therefore, in 
patients with symptoms of cervical carotid artery 
disease, neither the OSM nor the OPG should be used 
as a screening test to decide whether an arteriogram 
is indicated. In most instances, patients with sympto- 
matic carotid artery disease should be evaluated with 
carotid angiography. The OSM and the OPG have 
little value for these patients. Finally, neither the OSM 
or the OPG is able to distinguish between significant 
stenosis and occlusion of the internal carotid artery. 

Although noninvasive cerebrovascular screening 
plays only an adjunctive role at best in the patient 
with symptoms of cerebral ischemia, the information 
derived from noninvasive cerebrovascular testing is 
helpful in evaluating four categories of asymptomatic 
patients: 

1) Patients with an asymptomatic carotid bruit can 
be screened by OSM-OPG evaluation. If the OSM 
and OPG are positive, then the clinician can be rea- 
sonably confident that a hemodynamically significant 
lesion of the internal carotid artery is present, and can 
proceed with diagnostic angiography and prophylactic 
carotid endarterectomy, if appropriate. On the other 
hand, if the OSM and OPG reveal no evidence of 
a hemodynamically significant lesion of the internal 
carotid artery, then the clinician can be equally con- 
fident that the asymptomatic bruit is the result of an 
external carotid artery stenosis or a nonstenotic or 
irregular plaque of the carotid artery that currently is 
of no significance. Patients that fall into this latter cate- 
gory can be saved the risk, discomfort, and expense 
of cerebral angiography. 

In addition, noninvasive screening tests such as the 
OSM and OPG can be used to follow longitudinally 
patients with asymptomatic bruits, since it is recog- 
nized that some of these patients will develop hemo- 
dynamically significant stenoses with time. 

2) The OSM and OPG may be used as screening 
examinations for those patients with symptoms of 
vascular insufficiency which are either atypical or not 
characteristic of carotid artery disease. If the OSM- 
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TABLE II. Diagnostic Accuracy of OSM and OPG as a Function 
of Hemodynamically Significant Stenosis or Occlusion 
of the Internal Carotid Artery 
iii i NA 
Diagnostic Accuracy 





OSM 
OPG 


85%* 
73%* 





* No significant difference. 


OPG screening examinations are positive on one or 
both sides, then those patients can be referred for diag- 
nostic angiography and surgery, if appropriate. If the 
screening examinations are normal, the patient may 
possibly be spared angiography, and alternative’ 
diagnoses can be explored. 

3) All patients with associated risk factors for cere- 
brovascular disease, including hyperlipidemia, history 
of myocardial infarction, active symptoms of coronary 
artery disease, hypertension, diabetes mellitus, or 
peripheral vascular disease, should be actively screened 
for the presence of hemodynamically significant lesions 
of the internal carotid artery. Atherosclerosis is a multi- 
system disease and, therefore, it is not surprising that 
the patient with evidence of vascular disease in one 
system has a very high probability of developing sig- 
nificant lesions affecting other organs. 

4) Patients who are candidates for other major sur- 
gical procedures may have associated hemodynamic 
lesions in the extracranial arterial system. It is well 
recognized that these lesions may be asymptomatic 
and unassociated with carotid bruit. Routine screening 
of these patients prior to operation permits identifica- 
tion of those with hemodynamically significant lesions, 
so that they may be considered for diagnostic angiog- 
raphy and prophylactic carotid surgery prior to ex- 
posure to potential stroke risk during anesthesia and 
noncardiovascular surgery. 
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The anguish associated with cancer is compounded 
by the cancer quack. False hopes—harmful delays— 
devastating expenses—deceptive diagnoses—loss of 
life—these are hazards facing the cancer patient 
desperate enough to seek a cancer quack. 

The problem: how to divert the patient 
from this tragic encounter. 

As medical guide, family counselor, trusted 
friend—you, doctor, play a major role in the 
fight against cancer quackery. 

Wee are here to serve as your partner. 

Our National Office maintains an up-to-date central 
clearinghouse for materials on unproven methods of 
cancer diagnosis and treatment. This is a unique operation 
and the principal source of such information in the 
country. Its services are widely used. Hundreds of 
inquiries are received and answered from all 
segments of the community, from coast to coast. 

To trigger grass-roots action, we have 
formulated a model State Cancer Remedy 
Act designed to control the promotion and 
sale of unproven methods of cancer 
. management. This has helped to inspire : 
some 20 states to enact or consider 
legislation against cancer quackery—with 
active support from the medical 
community. Copies of the model act, as 
well as copies of laws in effect, are available 
through our National and Division offices. 

In these actions against cancer quackery, 
as in all our efforts against cancer, ours 
is a lifesaving partnership. 


American Cancer Society : 


43A 


(R) 
ine sitio gae 


(butorohana’ tartrate) 





for pain management 


in surgery 


B proven analgesic efficacy—as a pre- and 
postoperative agent... for patients in labor... 
as the analgesic component of balanced 
anesthesia 


fast acting—onset of action within 10 minutes 
IM, very rapidly IV; peak analgesic activity 
within 30-60 minutes IM, more rapidly IV 


of respiratory depression 


favorable side effect profile—low physical 
dependence liability, little nausea or vomiting, 
infrequent constipation 


few CNS effects other than sedation—the 
reported incidence of euphoria and hallucina- 
tions is less than 1% 


nonscheduled—not subject to regulations 
under the Federal Controlled Substances Act 


R) 
IM 


IV 
> (butorphanol tartrate) 


proven performance in the relief 
of moderate to severe pain 


TM Bristol Laboratories 
BRISTOL Division of Bristol-Myers Company 
Syracuse. New York 13201 


Please see brief summary of prescribing information on the following page 


Copyright - 1980. Bristol Laboratori 





46A 
POSITION OPEN 


Brief Summary of Prescribing Information 
STADOL® (butorphanol tartrate) 
For complete information, consult Official Package Circular. 


| | (2) 12/10/79 DEPARTMENT OF SURGERY 
Mr ea WASHINGTON UNIVERSITY 
CONTRAINDICATIONS—Stado! should not be administered to patients who have been SCHOOL OF MEDICINE 
CANES Pilar PIANE koii on Narcotics: Because of its antagonist ( BAR N ES H O S P ITAL, ST. LO U l S) 


properties, Stadol is not recommended for patients physically dependent on 
narcotics. Detoxification in such patients is required prior to use. 

Due to the difficulty in assessing addiction in patients who have recently received 
substantial amounts of narcotic medication, caution should be used in the 
administration of Stadol. Detoxification of such patients prior to usage should be 


carefully considered. SA Searching for Professor and Head of 
Drug Dependence: e care should be exercised in administering Stadol to i 

emotionally unstable patients and to those with a history of drug misuse. When De pa rtment of Sur gery at Washin g ton 
long-term therapy is contemplated, such patients should be closely supervised. . : T ‘ 
Even though Stadol has a low physical dependence liability, care should be taken Un viersity Sc hool of Medici ne and Su rgeon-in- 
that individuals who may be prone to drug abuse are closely supervised. It is : : ] . ' 
important to avoid increases in dose and frequency of injections by the patient and Chief at Barnes H OS pita | : St Lou IS, Missouri. 
to prevent the use of the drug in anticipation of pain rather than for the relief of pain. . i VEA 

Head Injury enirn p vedere reet Alinou h agin no clinical experience Sur gical leadershi p ability and research 
in patients with head injury, it can be assumed that Stadol, like other potent . . . 

analgesics, Viii cerebrospinal duld pressure. Therefore the mate sigan in accomplishments are particularly im portant. If 
cases of head injury can produce effects (e.g., miosis) which may obscure t . . . 

clinical course of patients with head injuries. In such patients Stadol must be used interested please send curriculum vitae a nd 
with extreme caution and only if its use is deemed essential. TET i 

Cardiovascular Effects: Because Stadol increases the work of the heart, especially the com p lete bi bl log raph y to: 


pulmonary circuit, the use of this drug in acute myocardial infarction or in cardiac 
patients with ventricular dysfunction or coronary insufficiency should be limited to 
those who are hypersensitive to morphine sulfate or meperidine. 


PRECAUTIONS— Certain Respiratory Conditions: Because Stadol causes some respiratory 


depression, it should be administered only with caution and low dosage to patients M. Kenton Kin g Dean 

with respiratory depression (e.g., from other medication, uremia, or severe infec- f . d ' 255 
tion), severely limited respiratory reserve, bronchial asthma, obstructive respiratory Washin gto n Unive rsity School of Medi cine 
conditions, or cyanosis. : 

Impaired Renal or Hepatic Function: Although laboratory tests have not indicated that 660 South E uclid Aven ue- B ox 81 06 
Stadol causes or increases renal or hepatic impairment, the drug should be i : , 

administered with caution to patients with such impairment. Extensive liver disease ot. Lou IS, Missouri 63110 


may predispose to greater side effects and greater activity from the usual clinical 
dose, possibly the result of decreased metabolism of the drug by the liver. 

Biliary Surgery: Clinical studies have not been done to establish the safety of Stadol 
administration to patients about to undergo surgery of the biliary tract. E ! i 
Usage as a Preoperative or Preanesthetic Medication: Slight increases in systolic blood SE PP OEY OOV 
pressure may occur, therefore caution should be employed when Stadol is used in 
the hypertensive patient. 

Usage in Balanced Anesthesia: The use of pancuronium in combination with Stadcl may 
Cause an increase in conjunctival changes. 

Usage in Pregnancy: The safety of Stadol for use in pre nancy prior to the labor period 
has not been established; therefore, this drug should be used in pregnant patients 
only when in the judgment of the physician its use is deemed essential to the welfare 
of the patient. 

Reproduction studies have been performed in rats, mice and rabbits and have 
revealed no evidence of impaired fertility or harm to the fetus due to Stadol at about 


2.5to 5 times the human dose. C H | E r 
Usage in Labor and Delivery: Safety to the mother and fetus following administration of 
Stadol during labor has been established. Patients receiving Stadol during labor 


have experienced no adverse effects other than those observed with commonly used 

analgesics. Stadol should be used with caution in women delivering premature U H G i CA L 
infants. 

Usage in Nursing Mothers: The use of Stadol in lactating mothers who are nursing their S E R V | C E 


infants is not recommended since it is not known whether this drug is excreted in 
human milk. Stadol has been used safely for labor pain in mothers who sub- 
sequently nursed their infants. 

Usage in Children: Safety and efficacy in children below age 18 years have not been 
established. 


ADVERSE REACTIONS— The most frequent adverse reactions in 1250 patients treated W e | jn S t a f f e d T. ac t | ve 6 4 4 E b e d 
hospital is seeking Chief, Surgical 


with Stadol are: sedation (503, 40%), nausea (82, 6%), clammy /sweating (76, 6%). 
Less frequent reactions are: headache (35, 3%), vertigo (33, 3%), floating feeling (33, 


en dizziness (23, 2%), lethargy (19, 2%), confusion (15, 1%), lightheadedness (12, 1%). S erv j ce. B oa rd cert | f | ca t j on j S 
er adverse reactions which may occur (reported incidence of less than 1%) are: WC : 

CNS: nervousness, unusual dreams, agitation, euphoria, hallucinations stro ng ly prefe rred. Affiliated with 

Autonomic: flushing and warmth, dry mouth, sensitivity to cold ; ; 

Cardiovascular: palpitation, increase or decrease of blood pressure Texas A &M Un IVersity e ol leg e of 

Gastrointestinal: iti a A 

brat siowingol RAN shallow breathing M ed icine wit h un derg rad u ate an d 

Dermatological: rash or hives , 

Eye: diplopia or blurred vision graduate teaching. Faculty 


OVERDOSAGE—Manifestations: Although there have been no experiences of over- 
dosage with Stadol cuir clinical trials, this may occur due to accidental or 
intentional misuse as well as therapeutic use. Based on the pharmacology of Stadol, 
overdosage could produce some degree of respiratory depression and variable 
cardiovascular and central nervous system effects. 


appointment assured. Superb 
location in sunny Texas in city of 


Treatment: The immediate treatment of suspected Stadol overdosage is intravenous 5 0 ; 0 0 0 2 A nnua | Sa | ar y u p to 
naloxone. The respiratory and cardiac status of the patient should be evaluated : : . 
constantly and appropriate supportive measures instituted, such as oxygen, intra- $ 59.300 with | iberal frin ge 
venous fluids, vasopressors and assisted or controlled respiration. A 
HOW SUPPLIED—Stadol (butorphanol tartrate) Injection for I.M. or I.V. use, is available benefits. E qua | em p lo ymen t 
as follows: j 

NDC 0015-5644-20—2 mg per ml, 2-ml vial opportun ity agency. Apply: 


NDC 0015-5645-20—1 mg per ml, 1-ml vial 
NDC 0015-5646-20—2 mg per ml, 1-m! vial 


NOC 0015 3646-202 mg per ml. TO posable Syringe Chief of Staff 
Bristol Laboratories Olin E. Teague Veterans' 
BRISTOL” | 2'sior ot Bristoi myers company Center 
Temple, TX 76501. 










Conventiona 
the recto-sig 
occurs. With thé e, € 
can negotiate t oxure and obtain | 
sigmoid colon aree 


P OTT M^, 
T Y v 3 
| a Mi 5f» 


pur 


H 
n 


And you can do this with greater patient comfort, thanks to 
the small diameter and flexibility of the fiber optic length. 
The SC-4 is easy to insert and easy to maneuver. There's no | 
need for a special examining table or awkward knee-chest | 





position. Your patient relaxes in the left lateral position for A 

quick, thorough examination with minimal discomfort. American 
Optical 

The AO Short Colonoscope features four-way control and P 

excellent viewing optics. It also includes capabilities for DOMAIN. ae 

biopsy, suction, cytology, and insufflation. (617) 765-9711, ext. 2445 


And it costs less than other short colonoscopes. 


vnm UD UE HA tematic Wines te. «i pete nahn pare VM HUR. VR ET TENE 


American Optical—Fiber Optics, Southbridge, MA 01550. 
O Arrange l 


abo o ue i eid i el ENE EEEE RETOUR. e 

















ADDRESS O Send more 
ENS voc ~ ‘information. 9 
CITY MS STATE ZIP of 
PHONE EXT. of x 
LL ACER Sene comu Thes SA TS RT ETE rcc, aT I s? a 





"y os EN Ee um um oe OC 


, 





Li 
<> s © ~ 


MSA 


"Current abstracts are amplified and illuminated by comments of the mem- 
bers of the Editorial Board, based on their own clinical experiences as well as 
those of other recognized authorities” ...just one of the reasons why 


Current 
SUFSCTV ees 


Editor: Lloyd M. Nyhus, M.D. 


Associate Editors: Robert E. Condon. M D. 
W. G. Schenk, Jr., M.D., Seymour Schwartz, M.D. 





helps Resident (special rate only $16.00 ) and Veteran Surgeon alike to 
keep up with current progress, trends, and attitudes in all branches of 
surgery and the surgical specialties. 


A true saver of precious reading time—from its detailed Contents Pages to 
Its meaty reviews, and abstracts especially classified for reader convenience- 
a typical issue includes: 


e Focus—several Reviews of timely or other 
special significance 
e An original Report of major importance 


e Twenty or more Abstracts with Commentary 
(and oft-times, rebuttal) 


e Residents Corner—comprising Brief (1 to 3-page) 
Reports and Investigations 


e In depth Reviews of Current Books in Surgery 


TO PUT THE BIMONTHLY CURRENT SURGERY AT YOUR FINGERTIPS NOW, 


SUBSCRIBE TODAY... 


J. B. LIPPINCOTT COMPANY. East Washington Square. Philadelphia. Pa. 19105 AS 3/80 


Please enter my subscription to CURRENT SURGERY for 1 year (6 issues), at 
O $20 (U.S.); O $24 (all other countries); Resident Rate O $16 (U.S. only; also note 


“year” of residency and Specialty a TEM j; 
PLEASE PRINT L] Payment Enclosed. 
Name O Charge my account. 





Address My Specialty is: 





City/State/Zip 








Experimental Comparison of the Thrombogenicity of 
Fibrin and PTFE Flow Surfaces 


DAVID A. KENNY, M.D., KNUTE BERGER, M.D., MARK W. WALKER, STEPHEN B. ROBEL, M.S., 
LEONID BOGUSLAVSKY, M.D., LANCE |. RAY, M.D., MICHAEL M. LISCHKO, M.S., LESTER R. SAUVAGE, M.D. 


Two types of 4 mm ID prostheses were studied in the carotid 
arteries of the dog. These were noncrimped polypropylene- 
supported filamentous velour knitted Dacron * (PPSFV) and ex- 
panded polytetrafluoroethylene (e-PTFE, Gore-Tex”). Throm- 
bus-**Free" Surface (TFS) areas and patency rates were 
determined at the end of the implant periods. One series of 
implants was subjected to controlled low flow rates for six 
hours; another was exposed to physiologic flow rates and 
observed at seven days, 14 days, and 12 weeks. At six hours 
the filamentous Dacron, preclotted according to a specific 
regimen utilizing heparin, performed as well as, and possibly 
better than, e-PTFE. The Gore-Tex developed surface 
coagulum in an irregular fashion which was related to graft 
wetting and blood soakage. Seven-day TFS scores and 
patency rates of the two graft types were comparable at 
physiologic flow rates. At two weeks, TFS scores and 
patency rates dropped. This was sufficiently marked in the 
case of e-PTFE that longer-term implants were not done. 
However, PPSFV grafts were implanted for 12 weeks, and all 
grafts examined at that time had closed. It appears that 
patency of 4 mm ID grafts of this construction will not be 
reliably attained in the dog carotid artery without the use 
of platelet-inhibitory drugs until complete healing has occurred. 


E HAVE BEEN STUDYING thrombus formation in 
W various 4 mm ID grafts in the canine carotid 
artery at both physiologic and reduced flow rates in 
order to clarify factors influencing coronary graft per- 
formance.? Since left coronary flow is "stop- start" in 
character, knowledge of the response to low flow rates 
seems pertinent. 

[n this paper we compare two materials: expanded 
polytetrafluoroethylene (e-PTFE), requiring no pre- 
clotting, and a noncrimped polypropylene-supported 
(kinkless), weft-knitted filamentous Dacron” velour 
(PPSFV) that requires preclotting. In the case of the 
e-PTFE (Gore-Tex®) grafts, a dry Teflon*-air surface 
is exposed to the flowing blood. With the preclotted 


i ee ee c n 
PPSFV from USCI. Gore-Tex is a trademark of W. L. Gore & 
Associates. 
Reprint requests: Lester R. Sauvage, M.D., RCR Center Interna- 
tional. 528 18th Avehue, Seattle, Washington 98122. 
Supported by grant HL 18644, National Institutes of Health. 
Submitted for publication: August 30, 1979. 


From the Reconstructive Cardiovascular Research 
Center International, Providence Medical Center; the 
Department of Surgery, University of Washington 
School of Medicine, and the Department of Mechanical 
Engineering, Seattle University, Seattle, Washington 
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Dacron. a wet autologous fibrin surface is exposed 
to the blood: thrombin has been removed from this sur- 
face by exposure to heparin-activated antithrombin III. 


Materials and Methods 


A total of 170 grafts were implanted in the canine 
carotid artery, including 83 externally supported, 
noncrimped macroporous Dacron USCI Sauvage Fila- 
mentous Vascular Prostheses (mean water porosity 
1500 ml/min/cm?), and 87 clinical-grade microporous 
expanded polytetrafluoroethylene (Gore-Tex, fibril 
length 30 microns). All grafts were 6 cm long and 
4 mm in internal diameter (ID). Of these 170 grafts, 
116 were acute implants exposed to controlled low 
flow rates for periods of six hours, and 54 were chronic 
implants exposed to full flow for periods of one, two, 
and 12 weeks. 


Graft Preparation 


The Dacron grafts were preclotted prior to implanta- 
tion using the four-step method of Sauvage.” This 
method involves repeated exposure to nonheparinized 
autologous blood until the graft becomes impervious 
to blood. following which it is inflated with blood 
containing 400 units of beef lung heparin (Upjohn) per 
milliliter. After each exposure to blood, the lumen 
of the graft is stripped of any excess blood with a 
Fogarty catheter, and a final visual inspection is 
made to insure that there are no transluminal fibrin 
strands. Grafts thus prepared are covered with a 
saline-soaked sponge until implantation. 

The e-PTFE grafts were handled according to the 
manufacturer's specifications. They were steam auto- 
claved for 20 minutes and dried; care was taken not 
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Fic. 1. (A and B) External and internal aspects of 4 mm ID 
polypropylene-supported USCI Sauvage Filamentous Vascular 
Prosthesis (PPSFV), a weft knitted Dacron graft. (C) Scanning 
electron micrograph of internal surface of PPSFV after preclotting, 
Showing fibrinous membrane. There is some irregularity, with 
occasional filaments present (x50). (D) SEM of interna! surface of 
expanded polytetrafluoroethylene (e-PTFE, Gore-Tex), 4 mm ID 
graft at comparable magnification (x48). (E) SEM of same pre- 
clotted PPSFV surface at higher magnification, showing fibrinous 
membrane with occasional adherent red and white cells and a "dust- 
ing’ of platelets (x 1970). (F) SEM of Gore-Tex® flow surface before 
implant ( x 199). 


to wet the grafts prior to use. Figure | shows the 
fibrin flow surface of the preclotted Dacron zraft and 
the Teflon-air surface of the Gore-Tex graft, as the 
blood "sees" them when flow is initiated. 


Implantation 


Randomly-selected adult mongrel dogs of both 
sexes weighing 25-35 kg were anesthetized ard main- 
tained on sodium pentobarbital (Nembutal, Abbott, 
50 mg/ml) during surgery. The carotid arteries were 
exposed via a midline neck incision. After proximal 
and distal vessel occlusion, a 5 cm segment of carotid 
was excised. All anastomoses were performed end-to- 
end in. identical fashion with continuous 7-0 Prolene 
suture under optical magnification. The few experi- 
ments involving anastomotic technical errors were 
excluded from the study. 
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Two minutes before clamp release, the animals were 
given | mg (100 units) per kilogram of beef lung 
heparin intravenously. With bilateral implants, blood 
flow was initiated simultaneously. Twenty minutes 
after clamp release, the systemic heparin was neu- 
tralized 1:1 with protamine sulfate (Lilly, 10 mg/ml) 
administered at 0.5 ml/min intravenously. This period 
of delay in the neutralization of heparin was found 
in previous studies to improve patency rates from 20 
to 7096." Vessel diameters and hematocrits were also 
measured. If the external diameter of the graft was 
more than 20% greater than that of the host artery, 
or if the hematocrit was less than 35% or more than 
5076, the experiment was deleted from the study. 

Fifty Dacron and 66 Gore-Tex grafts were implanted 
in the carotid arteries and subjected to controlled 
flows for 6 hours (Fig. 2). Grafts were placed in both 
carotid arteries of each dog used, and the grafts were 
always of the same material (i.e., Dacron and Gore- 
Tex materials were never implanted simultaneously 
in one animal). Carotid flow was measured con- 
tinuously with a Carolina Medical Electronics square 
wave electromagnetic flowmeter (Model 501) recording 
from a snugly-fitting, but not constricting, CME 
flow probe applied to the artery. Carotid flow was 
reduced by a special clamp applied distal to the graft 
and controlled to a specific rate for each experiment 
by adjusting the degree of constriction. 

An additional 33 Dacron and 21 e-PTFE grafts were 
placed unilaterally as chronic implants at full flow in 
the carotid arteries as follows: 10 PPSFV and 9 Gore- 
Tex grafts for seven days, 12 PPSFV and 12 Gore- 
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Fic. 2. Method of controlling and monitoring blood flow rate in 
canine carotid artery grafts for six-hour test period. 
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Fic. 3. Illustration of Throm- 
bus-"Free" Surface (TFS) 
scoring method: (A) Six- 
hour PPSFV surface show- 
ing clean and thrombotic 
surface. Planimetry of photo- 
graph shows TFS to be 
63. Thrombus-free surface 
is bare-looking cloth. Note 
transverse thrombotic 
ridges. This occurs on all 
graft types studied (e-PTFE, 
crimped, noncrimped and 
polypropylene-supported 
knitted Dacron, glutaralde- 
hyde-treated biografts and 
others). Seventy-eight per- 
cent of all markedly stenosed 
or occluded grafts showed 
such ridging. (B) Cross sec- 
tion across same area shown 
in Section A possesses plate- 
let deposit at left. Clean sur- 
face at right shows coagulum 
to just cover fabric. (C) 
Six-hour e-PTFE surface 
showing clean and throm- 
botic surface. Planimetry 
of photograph shows TFS 
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to be 33. Fine ridges are apparent. Deductions from the score are not made for thin films of coagulum on e-PTFE. (D) Cross section of Section C 
shows platelet deposit at right and clean surface at left. Note penetration of blood elements into pores for a short distance. 


Tex grafts for 14 days, and 11 PPSFV grafts for 12 
weeks. These animals received 300 units heparin/kg 
intravenously prior to clamp release and were given 
an equivalent dose of protamine 22 minutes later at a 
rate of 5 mg/min intravenously (1 mg/l00 units 


heparin). The carotid flow in these animals ranged 
from 150—200 ml/min. 


Specimen Retrieval and Analysis 


The procedures for the acute experiments will be 
described first, as many of these same steps apply to 
the chronic experiments. 


Acute Experiments 


Six hours after clamp release the animals were 
given 10,000 units of heparin intravenously and the 
grafts, including a 2 cm length of carotid artery at 
each end, were removed. A lethal dose of potassium 
chloride was then given intravenously. The grafts 
were carefully opened longitudinally, pinned out, and 
the flow surface photographed. Preliminary observa- 
tions of the quality of the anastomoses and of the 
extent and nature of the deposits covering the flow 
surface were then made by gross visual examination, 
aided by inspection under the surface macroscope 
(magnification to x80). Specimens were then fixed 
in 10% formalin, and definitive observations were 
made later. 


Following fixation, the flow surface of each specimen 
was mapped on grid paper. This facilitated measure- 
ment of the actual area covered by thrombus and 
enabled that portion of the flow surface not covered 
by thrombus to be readily calculated. This Thrombus- 
"Free" Surface score (Fig. 3) represents the percentage 
of the graft flow surface that is free of other than a 
thin proteinaceous deposit, and may range from a low 
of 0 to a high of 100. It is determined mathematically 
as follows: Total area of flow surface minus area 
covered by thrombus divided by total area of flow 
surface: the answer is expressed as a percentage. 

No graft subjected to blood flow is totally free of 
some proteinaceous deposit. Hence, we use the term 
Thrombus-"Free'" Surface to reflect this fact. This 
method of scoring appears to be more precise than 
simply describing grafts on the basis of patency or 
nonpatency. For example, a prosthesis may be patent 
at the end of six hours, but have so much thrombus 
coverage that it would in all probability close in 
another hour or two. This can be reflected in a low 
TFS score. Following flow surface mapping and scor- 
ing, blocks were taken for histologic examination. 


Chronic Experiments 


At the end of the selected implant period (one, two, 
or 12 weeks), the animals were given an adequate 
anesthetizing dose of Nembutal and 10,000 units of 
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GORE-TEX AT CONTROLLED FLOWS FOR SIX HOURS 


heparin intravenously. The midline neck wounds were 
then reopened and the grafts mobilized to enable 
patency to be determined. This was done first by 
palpation distal to the graft, and second by observa- 
tion of the amount of blood flow following transection 
of the artery 2 cm distal to the graft. Care was taken 
to remove the outer capsule along with the graft in 
order to evaluate perigraft tissue reaction to the 
prosthesis. Perigraft abnormalities such as hematoma. 
seroma or gross infection were noted. The carotid 
artery was then transected 2 cm proximal to the graft, 
the specimen was removed, and the dog was sacrificed 
by administering a fatal dose of potassium chloride 
intravenously. The specimen was processed as de- 
scribed for the acute six-hour specimens. 


Results 


Thrombus-'*Free'' Surface scores and occlusions at 
various flow rates for 6 hours are plot:ed for the two 
types of graft under study in Figures 4 and 5. Data 
scatter is apparent. There is more clustering of low 
scores with Gore-Tex than with PPSFV at 25 and 50 
ml/min flows. Some Gore-Tex grafts were also occluded 
at those flows. Both poor and nearly-perfect scores 
were obtained with both types of graf! at 25 ml/min. 
At 25-40 ml/min, six of nine PPSFV (66.6%) and 
seven of 21 Gore-Tex (33.3%) grafts showed scores 
of 95 or better. Figure 6 shows a good flow surface 
for each type of graft at six hours. 
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FiG. 4. Scattergram of Gore- 
Tex TFS scores at con- 
trolled flow rates for six 
hours in canine carotid ar- 
teries. Solid dots represent 
occluded grafts. 


The data thus far suggest that a properly pre- 
clotted Dacron surface is at least equal to, and pos- 
sibly superior to, an air-Teflon flow surface at low 
flow rates. 

TFS scores and patencies in animals sacrificed at 
7 days (full physiologic flow) are shown in Table 1. 
All grafts were patent and had high TFS scores. There 
was no significant difference between mean TFS 
scores. These seven-day results compare well with the 
observed occurrence of clean grafts at six-hour flow 
rates of 100 ml or more (Figs. 4 and 5). 

At two weeks (Table 2) there was a decline in both 
TFS scores and patency rates; mean TFS scores 
dropping from 93 to 82 for PPSFV and from 94.5 to 66 
for Gore-Tex. Patency rates dropped to 75% for PPSFV 
and to 16.7% for Gore-Tex. 

The e-PTFE grafts were not implanted for longer 
than two weeks because of the 14-day closure rate. 
However, 11 PPSFV grafts were studied at 12 weeks: 
all were closed when examined at that time. The 
reasons for delayed closure of these two graft materials 
are not clear. 

With time, the e-PTFE grafts absorbed blood ele- 
ments and air disappeared. In a few grafts observed 
outside this series, this process appeared complete at 
24—48 hours. During the six-hour study period, blood 
penetrated the sponge-like wall in a nonuniform pat- 
tern. Surface thrombus build-up was always associated 
with foci where blood elements had penetrated the 
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POLYPROPYLENE-SUPPORTED FILAMENTOUS VELOUR 
PROSTHESES AT CONTROLLED FLOWS FOR SIX HOURS 


wall (Figs. 3 and 7). However, by no means all areas 
of soakage had thrombus build-up above the Teflon 


node surface level. In some cases, during the six-hour 


tests, blood would continue to leak through the 
exterior of the grafts as "sweating . 
seeping. 

The composition of blood in the pores of the Gore- 
Tex varied considerably among the grafts, even with a 
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Fic. 6. Good flow surfaces at 6 hours: PPSFV (A) and Gore-Tex (B). 


beading or 





single graft. At times, it appeared microscopically 
to be primarily fibrin and serum, as though the pores 
had filtered the clottable plasma and excluded cells. 
Various mixtures of white and red cells also entered 
the walls. 

Preclotted PPSFV also changed with flow, in that 
the preclotted layer of fibrin became denser or more 
compact over time. Microsections showed that the 
interstices became more densely packed with blood 
following a period of flow than they were at the end 


TABLE |. Thrombus-" Free" Surface Scores and Patency Rates of 
Seven-day Unilateral Implants of 4 mm ID PPSFV 
and Gore-Tex in Canine Carotid Artery 








PPSFV* Gore-Tex* 
TFS Patency TFS Patency 
100 P 100 P 
98 P 96 P 
98 P 94 P 
95 P 95 P 
75 P 100 P 
90 P 98 P 
100 P 98 P 
100 P 70 P 
100 P 100 P 
75 P 





* Mean TFS = 93 (SD = 10.03), patency = 100%. 
* Mean TFS = 94.5 (SD = 9.5), patency = 100%. 
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TABLE 2. TArombus-'" Free" Surface Scores aad Patency Rates of 
14-day Unilateral Implants of 4 mm iD PPSFV 
and Gore-Tex in Canine Carotid Artery 


SSeS 


PPSY* Gore-Tex* 
EFS Patency TFS Patency 
R 

100 P 0 0 
12 P 0 0 
92 P 0 0 
94 P 70 P 

0 0 0 () 

0 0 0 0 

75 p 0 0 
33 P 0 0 
95 P 0 0 
100 P 62 P 
0 0 0 0 

75 P 0 0 


a aaa eee ee eS 
“ Mean TFS = 82 (SD = 21), patency = 75%. 
* Mean TFS = 66 (SD = 6), patency = 16.7% 
grafts only). 


(TFS for patent 


of preclotting. Focal and general thrombotic thicken- 
ing of variable composition was seen on the preclot 
base. 


Discussion 


The preclotting method described for porous fabrics 
is used to: 1) render the graft blood-tight, 2) obtain 
the smoothest possible fibrinous coating inside, and 3) 
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deactivate thrombin associated with the preclotted 
lining.” Since the final stage of preclotting involves 
inflation of the graft with heparinized blood. there is 
“built-in” inhibition of thrombin and factor X., forma- 
tüon."* This step also inhibits thrombin-fibrinogen 
reaction along the graft flow surface when flow is 
instituted. Plasma coagulation is further modified by 
22 minutes of heparinized blood flow. It should be 
noted that with this method flowing blood does not 
interact with Dacron, but with an autologous "de- 
thrombinated"' fibrinous coating. 

Expanded PTFE has the advantage of not requiring 
preclotting, but following institution of flow, the air- 
Teflon/blood interface develops a coagulative surface. 
On exposure to blood, both Teflon and Dacron will 
quickly adsorb proteins, with fibrinogen being a major 
component.^^ This in turn favors platelet adhesion. 
At blood-air interfaces, protein films, including fibrino- 
gen, will also form, attracting platelets.?? 

The wetting by and entry of blood into e-PTFE 
pores was irregular during the six-hour tests. The 
uneven soakage may be related to air displacement 
by pressure along channels of least resistance in the 
sponge-like wall. Upon repetitively squeezing a piece 
of virgin e-PTFE under water, the air will usually 
emerge from the cut edges only at certain spots, 
indicating the presence of paths of least resistance. 
Uneven blood soakage is a possible explanation for 


FiG. 7. (A) Fibrinous mem- 
brane at air interface of 
e-PTFE pore in specimen 
at full flow for one hour. 
(H & E, x1300). (B) Thin 
fibrinous layer over Teflon 
nodes and pore. Platelets, 
fibrin strands and red cells 
are apparent in the pore 
in specimen at full flow 
for two hours (same animal 
as A) (H & E, x1000). 
(C) Cross section of six- 
hour e-PTFE graft showing 
localized blood penetration 
with white and red throm- 
botic ridge. Flow was 50 
ml/min and TFS was 95. 
(H & E, x112). (D) Sur- 
face photomacrograph of 
six-hour e-PTFE graft with 
irregular soakage with and 
without surface thrombus. 
Graft showed some blood 
seepage through its exterior 
wall during the test. Flow 
was 50 ml/min, and TFS 
was 63 with heavy deposit 
distally. View is from upper 
third of graft. 0 — no sur- 
face deposit buildup: arrows 
point to platelet-fibrin 
blobbets and ridges ( x 5). 
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somewhat more erratic TFS scores with e-PTFE 
than is the case with the preclotted surface. In both 
types of graft, thrombus accumulation increases as the 
flows approach relative stasis, as would be expected. 
The efficacy of the "washing" and fibrinolytic effects 
of higher flows is apparent with both grafts. In pre- 
vious studies, short-term systemic heparinization (20 
minutes) was found to markedly improve six-hour and 
one-week patency rates over the rates in non- 
heparinized cases.” Although heparin does not pre- 
vent platelet adhesion, it can reduce the fibrin 
development that "cements'' platelet aggregates to the 
wall. Thus, heparin can promote the dispersion of 
platelet aggregates by shear forces due to flow. ' 
One-week patency rates were the same for the two 
graft types. Reduced patency rates at two weeks and 
beyond remain to be explained. In a separate study, 
we have noted that fabric grafts in the thoracic aorta 
often appear more thrombotic at two weeks than 
grafts of the same type at one week. There is a hint 
of this (some lowering of TFS scores) in the figures 
of Table 2 as compared with those of Table 1. The 
phenomenon is more readily observed with 8—10 mm 
aortic grafts, since they rarely occlude. In the case of 
occluded carotid grafts, score decreases are ap- 
parently obscured by clotting off, which frequently 
covers clean areas that might have existed during flow. 
Coagulum-coated grafts remain potentially throm- 
bogenic until a completely endothelialized neopseudo- 
intima develops.'^ During the period in which the sur- 
face coagulum is undergoing complex lytic change and 
cellular infiltration, itis possible for deposit to gradually 
increase. While such growth may not cause closure 
of large-caliber grafts, it can easily and seriously 
perturb flow in 4 mm ID prostheses. Consequent 
eddy formation would favor further platelet deposition. 
In all of our six-hour carotid studies, including 
some not reported here, discrete accumulations of 
thrombus were present at one or both suture lines 
with the following frequencies: Dacron fabric 59%, 
e-PTFE 64%, and glutaraldehyde-treated (porcine 
and canine grafts) 42%. This emphasizes that several 
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factors converge at the anastomotic site, including 
carotid injury (tissue activator), the presence of sutures, 
and the presence of the graft itself. In our studies 
the anastomotic site, particularly the proximal portion, 
appeared to serve as a locus for delayed closure, as 
white (platelet) clot was often observed to have ac- 
cumulated there. In a study of 4 mm Gore-Tex and 
internal velour Dacron grafts in the canine femoral 
artery, Oblath found that occlusion due to neointimal 
fibrous hyperplasia (stenotic organization of suture 
line thrombus) did not occur when aspirin and 
dipyridamole were given pre- and postoperatively.' 
This was in contrast to the fate of their unmedicated 
controls. His group obtained 100% patency of these 
prostheses using antiplatelet regimens. 

Studies of the effects of antiplatelet and anticoagulant 
regimens on six-hour controlled-flow, seven-dav, 14- 
day, and 12-week implants are planned. 
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A Primate Model for the Study of the 
Interaction of ''IN-labeled Baboon Platelets with 


Dacron® Arterial Prostheses 


A. D. CALLOW, M.D., C. B. LEDIG, M.D., T. F. O'DONNELL 
S. KORWIN, M.D., C. HOTTE, PH.D., P. C. KAHN, M.D., J. J 


This paper presents early experience with a primate model 
for the noninvasive study of the interaction of circulating plate- 
lets with healing arterial prostheses. These experiments 
demonstrate that baboon platelets can be isolated and labeled 
with '''Indium with high efficiency using a sterile technique. 
Platelets subjected to this process have a linear life span similar 
to that of "Chromium-labeled baboon platelets. The high 
energy gamma emission of '''Indium oxine allows for external 
scanning using a standard gamma camera. The small quantity 
of '''Indium-labeled platelets in the region of the graft can be 
discriminated from the surrounding blood vessel and quanti- 
tated by gamma camera imaging and computer analysis. There 
was a significant increase in the platelet deposition on prosthetic 
surfaces observed 5—48 hours after graft implantation and 
injection of '''Indium-labeled autologous platelets. 


ESPITE THE IMPORTANCE of tne platelet in the 
D pathogenesis of atherosclerosis" and in the 
healing of vascular grafts, no established tech- 
nique is capable of directly studying in vivo the plate- 
lets’ contribution to the healing of prosthetic grafts. 
Recent studies by Harker et al.5 indicate increased 
platelet turnover during the early phase of graft healing. 
These observations imply a major role for the platelet 
during the first several months ard a lesser role sub- 
sequently as pseudointima formation proceeds. Oblath 
et al.^ have demonstrated that platelet uptake by 
synthetic graft surfaces can be decreased by premedi- 
cating the animals with aspirir and dipyridamole. 
These investigators have linked the change in platelet 
deposition to a decrease in neointimal fibrohyperplasia. 
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No established techniques thus far, however. have 
been able to noninvasively quantitate the results of 
antiplatelet therapy in in vivo systems. 

The labeling of platelets with '"''Indium oxine was 
first reported by Thakur in 1976." As a platelet labeling 
agent, ""Indium has the advantage of being a high 
energy gamma emitter which allows external scanning 
of '''Indium platelets with a standard gamma camera. 
Theoretically, this property makes '"'Indium an ideal 
radionuclide for the noninvasive study of platelet 
kinetics and distribution in an in vivo system. The 
practicality of this approach has already been validated 
in both rabbits and dogs by Grossman and associates? 
The baboon was selected as the experimental animal 
because of the similarity of the baboon's platelets and 
coagulation proteins to that of man Sauvage Dac- 
ron* double velour grafts were chosen for the study in 
initial experiments because of their widespread clinical 
use. In addition, a large body of experimental and 
clinical experience exists regarding the histology of 
these grafts after "preclotting" (allowing autologous 
blood to fill the graft interstices and to coat the graft's 
inner surface) and subsequent implantation. It is the 
purpose of this paper to discuss the utilization of 
'"'[Indium-labeled platelets and external body gamma 
camera imaging in the investigation of the acute phases 
of synthetic graft healing in the baboon. 


Materials and Methods 
Operative Techniques 


Male baboons were tranquilized with an intra- 
muscular injection of 30-40 mg of phencyclidine hy- 
drochloride (Sernylan) and maintained under anes- 
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thesia with serial intravenous injections of 100 mg of 
sodium pentobarbital. Bilateral longitudinal skin in- 
cisions were made over both femoral arteries. The 
femoral artery was encircled with #2 silk strands and 
dissected sharply. Each baboon received 3,000 units 
of heparin intravenously prior to insertion of the 
femoral graft. A sham operation was performed in one 
baboon by incision, dissection of the femoral artery 
and closure of the surgical site without insertion of the 
graft. The sham-operated animal was studied to de- 
termine whether the Indium-labeled autologous plate- 
lets appeared at the site of the surgical procedure. 
Three mm filamentous Dacron velour grafts especially 
prepared by USCI* were then "'preclotted" by the 
technique of Sauvage." A 5 cm segment was resected 
from each femoral artery. The interposition graft was 
then sewn end-to-end to each end of the divided femoral 
artery with a continuous 7-0 Prolene suture. The 
wounds were then closed in layers with extreme care 
to maintain hemostasis. 


Protocol 


Following insertion of the interposition Dacron 
grafts and '''Indium labeling of autologous platelets, 
the animals were scanned at regular intervals: two 
hours, five hours, 48 hours, and six days after injection 
of the '''Indium-labeled platelets (Fig. 1). 


Platelet Isolation and Labeling 


About 450 ml of blood was withdrawn from the 
baboon into a standard plastic blood collection bag 
containing acid-citrate-dextrose (ACD, Formula A) 
anticoagulant. About 300 ml of physiological saline 
was administered after phlebotomy and the red cell 
concentrate was returned to the animal after isolation 
of platelets from the whole blood. The platelets were 
isolated by serial differential centrifugation. The 
residual plasma in the platelet concentrate was re- 
moved by a dilution centrifugation procedure using 
100 ml of saline followed by centrifugation and re- 
moval of the supernatant solution. The platelets were 
resuspended in saline and incubated for 30 minutes 
with 1 mCi of '''Indium 8-hydroxyquinoline (oxine) 
at 37 C. The labeled platelets were diluted with 100 ml 
of platelet-poor plasma and 10 ml of ACD, and the 
platelets were then concentrated by centrifugation and 
the supernatant solution removed. The washed 
!Indium-labeled platelets were resuspended in 
platelet-poor plasma and autotransfused. Further de- 
tails concerning the isolation and labeling procedure 


* USCI, Inc., Billerica, MA (Lot # 177006-3). 
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30-50Lb d Boboon( Papio papio) 


1.1 V Cutdown 
2 Withdraw 450cc Whole Blood 
3 Infuse 300 cc O9% NaCI 


"dins 


|. Femoral! Artery Isolated & Resected Whole Blood Separated 
2 .Interposition Graft Placed 


Red Blood Platelet- Rich 
Cells Plasmo 
T ansfusee | 
f 
''Indium-Labeled 
Incisions Closed d eer Platelets 
peinje"? 


Gamma Camera Scanning 
2hrs, 5hrs , 48hrs & 6doys 
After Platelet Injection 


FıG. 1. Diagram of the experimental procedure to study the dynamic 
changes in the healing of a synthetic graft in the baboon. 


are presented in a separate communication from this 
group by Hotte et al.? 


Platelet Survival 


The life span of '''Indium-labeled platelets was de- 
termined by a procedure similar to that described by 
Murphy and Gardner who studied ?'Cr-labeled human 
platelets." Blood volume was measured using iodin- 
ated I!” human serum albumin.'* Additional details 
concerning the measurement of platelet circulation 
using '''Indium oxine are presented in a separate com- 
munication.” 


In Vivo Imaging 


Imaging was performed on an Ohio-Nuclear Series 
100 Gamma Camera in conjunction with a dedicated 
PDP-11 digital computer. Six-minute images were 
obtained over the pelvic and femoral regions using 
the 247 KeV energy peak for '''Indium. A medium 
energy-high resolution parallel-hole collimator was em- 
ployed. The femoral artery and iliac artery areas 
were defined on the cathode ray tube of the PDP-11. 
Quantitation of scans was accomplished via a computer 
algorithm with integrated time, attenuation and physical 
decay of the radionuclide. Results were expressed in 
two manners: 1) per cent of the total injected dose 
localized in the area of the grafts as calculated from 
the computer algorithm, and 2) the relationship of 
radioactivity in the graft area to radioactivity in the 
area of the ipselateral iliac artery (blood pool within 
that artery). This latter ratio was calculated as: 


UJ 


0» 


0.4 





& TOTAL INJECTED RADIOACTIVITY 





8 
2 Days 


2 Hrs. 
TIME AFTER PLATELET INJECTION 


5 Hrs. 6 Days 


Fic. 2. The per cent of the total injected radioactivity in the femoral 
artery graft and in the ipselateral iliac artery during the two to five- 
hour and two to six-day period following the injection of '''Indium- 
labeled autologous platelets. Striped bars: ipselateral iliac artery. 
Cross hatched bars: femoral artery graft. 


7t total dose in femoral artery graft region 


% total dose in ipselateral iliac artery 


A ratio greater than one indicates more activity in 
the femoral artery graft than in the ipselateral iliac 
artery. 


Results 
Platelet Isolation and Labeling with “Indium 


Platelets isolated and labeled by our method showed 
a labeling efficiency of 70-75%. The sterile technique 
employing standard blood bank collecting bags was 
supported by negative cultures on blood agar plates 
and peptone broth for nine units of labeled platelets.? 


Platelet Survival 


Platelet survival of '''Indium-labeled autologous 
platelets in the baboon was compared to ?'Cr-labeled 
platelets in the baboon. The life span of the '!'Indium- 
labeled platelets was linear and about five days.? These 
findings are similar to the linear life span of *'Cr- 
labeled baboon platelets of five days." 


Sham Operation 


There was no difference between the sham-operated 
site and the contralateral femoral area site at two or 
five hours. Five hours after injection of '"Indium- 
labeled platelets, the areas of the femoral artery sham- 
operated site and the contralateral femoral artery site 
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both had 0.2% of the total injected dose of '''Indium. 
These findings demonstrated no accumulation of 
‘Indium platelet radioactivity in the operative area 
when no graft was inserted. 


Early Phase Graft Healing 


Gamma imaging of nine grafts in six baboons was 
carried out at two, five, and 48 hours, and six days. 
Twenty-eight scans were done. The per cent of total 
injected dose of ''"'Indium in the femoral graft area 
is shown in Figure 2. At five hours there was no sig- 
nificant increase in the per cent total injected dose 
compared to two hours. However, at 48 hours, the 
per cent total injected dose had almost doubled in 
the graft area. At six days, there was no further increase 
in the per cent total dose of '''Indium in the graft area. 
Figure 3 compares platelet activity in the femoral graft 
to the platelet activity in the ipselateral iliac artery 
and expresses this ratio as the graft/adjacent nongrafted 
artery radioactivity. A value greater than one indicates 
more radioactivity platelet uptake in the femoral graft 
than in the ipselateral iliac artery. At two and five 
hours, the graft demonstrated a two-fold greater radio- 
activity than the ipselateral artery, being 2.4 + .36 and 
2.5 + 0.40 respectively. Platelet activity further in- 
creased at two days (3.6 + 0.7) and six days (4.2 + 0.58). 


Discussion 


Previous investigations on the healing of vascular 
grafts have used histopathologic analysis as the prin- 
cipal tool as described by Szilagyi et al.'* Although 
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Fic. 3. The ratio of radioactivity in the femoral artery graft site 
to the ipselateral iliac artery site following the injection of '''Indium- 
labeled autologous platelets. 
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these studies have definite limitations, such as the 
necessity of sacrificing graft and/or animal for evalu- 
ation, they have characterized several processes as 
important in graft healing. Pannus formation, fibrin 
deposition, tissue ingrowth, and neointima formation 
interplay in a dynamic process to form à smoothly- 
lined vascular conduit. Moreover, these histologic 
studies have suggested a major role for the coagulation 
system in the ultimate fate of the inner lining of the 
synthetic grafts. Unfortunately, histologic analysis 
does not permit observation of the constant dynamic 
changes at the blood-synthetic interface and recog- 
nition of those factors which tip and balance toward 
thrombosis. 

The importance of the platelet in the healing of 
arterial surfaces has been demonstrated in both animal 
and human studies. In areas of intimal damage, Gregor- 
ias and Rand? and Slayback and associates" have 
shown platelet adherence and fibrin deposition by 
scanning electron microscopy. A decreased platelet 
survival time has also been demonstrated in baboons 
after implantation of Dacron aortic grafts? which im- 
plies activation of platelets and subsequent sequestra- 
tion by the graft. This period of increased platelet 
turnover correlates well with that time when the graft 
is being "endothelialized." A similar period of en- 
hanced platelet turnover was demonstrated in humans 
after aortic grafting. These two studies provide indirect 
evidence of platelet-graft interaction. 

In the dog. Oblath et al." have shown that pre- 
medication of the animals with aspirin and dipyri- 
damole reduces early platelet deposition on Dacron 
and PTFE grafts.+ These investigators linked this 
diminished platelet deposition to a decreased incidence 
of neointimal fibrous hyperplasia. Unfortunately. there 
were two potential drawbacks to this study: 1) the 
use of ?'Cras a platelet label necessitated graft removal 
to quantitate platelet deposition on the graft, and 2) 
the dog differs significantly in its coagulation processes 
from man. A method for studying the kinetics of 
platelet deposition in vivo in an animal with coagulation 
processes similar to man is needed. This model would 
have the advantage of testing various pharmacologic 
agents which might make the graft surface less throm- 
bogenic. 

The data presented in this paper represent pre- 
liminary work verifying the feasibility and applicability 
of a noninvasive approach to the study of platelet 
kinetics. The sterile platelet labeling technique used 
standard blood bank equipment and permitted a high 
initial recovery of platelets and a labeling efficiency 
of about 75%.” This is considerably higher than the 
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30-45% reported by Scheffel and associates!" and by 
DeWangee and associates.' Sterility was documented 
by negative blood agar and peptone broth cultures on 
nine separate units of platelets. 

Platelet survival for '''Indium-labeled platelets was 
found to be linear and about five days." In our experi- 
ments. '!'Indium survival compared favorably with 
1Cr-labeled platelets. In addition, the 'Indium- 
labeled platelet survival data correlated well with the 
5.5- 0.3 day values reported by Harker" for °'Cr- 
labeled baboon platelets. Our platelet survival experi- 
ments support the contention that there is no apparent 
damage to the platelets during labeling processes. 
Therefore. observations of platelet deposition can be 
attributed to processes other than sequestration of 
damaged platelets. 

A sham operation which involved the isolation of 
the baboon femoral artery and subsequent wound 
closure with our standard technique without insertion 
of a femoral graft showed no significant increase in 
labeled platelet uptake in the sham side in comparison 
to the unoperated femoral triangle. These results are 
similar to those reported by DeWangee et al.' He 
showed that the uptake of platelets in the surgical 
site following aortocoronary vein bypass was insig- 
nificant when compared to platelet uptake in the graft 
itself. However, meticulous hemostasis is important 
to avoid hematoma and subsequent labeled platelet 
deposition. 

Quantification of platelet uptake was determined by 
a computer algorithm which integrated time, atten- 
uation and decay of '''Indium. Results were expressed 
in two forms: 1) per cent of total injected dose, and 
2) ratio of radioactivity in the femoral graft to radio- 
activity in the ipselateral iliac artery. Although Figure 
3 shows a progressive increase in this ratio over the 
first six days of implantation, there is only a statistical 
difference between the mean five-hour value and the 
mean 48-hour value (p < 0.05). These data would imply 
that there is greater radiolabeled platelet activity on 
the graft at two hours than on normal artery and that 
this platelet activity in the graft increases through 
48 hours. 
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Thirty-year Experience with Surgical Interruption of the 
Inferior Vena Cava for Prevention of Pulmonary Embolism 


MAGRUDER C. DONALDSON, M.D., LEROY S. WIRTHLIN, M.D., GORDON A. DONALDSON, M.D. 


Case records of 237 patients treated by inferior vena cava 
(IVC) ligation (154), suture plication (27) or clip application 
(56) were reviewed. Indications for surgery included failure 
of anticoagulation or femoral vein ligation to control embolism 
and threat of potentially massive, septic or paradoxical emboli. 
Overall hospital mortality was 15% and recent operative 
mortality was 2%. The incidence of early postoperative leg 
swelling was 36% and late venous sequellae occurred in 50% 
of the follow-up group of 140 cases followed an average of 
44.3 months. Morbidity secondary to IVC interruption was 
decreased by use of the prosthetic clip, but clip application 
was still associated with early leg swelling in 21% and late 
mild swelling in 249c. The incidence of proven or suspected 
recurrent emboli was 7.6% with no significant variation by 
type of IVC procedure, and recurrent emboli were fatal 
in 2.5%. Refinement of indications, operative methods and 
perioperative care for IVC interruption procedures over the 
years has substantially improved the surgical approach to 
prevention of life-threatening pulmonary embolism. 


PERATIVE EFFORTS TO PREVENT embolism of 
O venous thrombi from the lower extremities were 
formally introduced by Homans in 1934 with interrup- 
tion of the femoral veins.'® Inferior vena cava (IVC) 
ligation was used in the next two decades to prevent 
embolism after failure of femoral vein ligation or anti- 
coagulants or to prevent septic embolism. During the 
1960's IVC interruption began to be used more fre- 
quently as techniques of partial caval occlusion using 
suture plication and prosthetic clips were developed.*' 
During the last decade methods of transvenous caval 
interruption have emerged with hopes of reducing 
morbidity and mortality associated with open IVC 
surgery." 

At each stage of progress towards improving in- 
vasive therapy of thromboembolic disease, efforts 
have focused on refining the indications for IVC 
interruption and decreasing the incidence of morbidity 
and mortality, recurrent pulmonary embolism and late 
venous insufficiency associated with various forms of 
treatment. This paper discusses these issues in the 
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light of a 31-year experience with surgical IVC inter- 
ruption at the Massachusetts General Hospital. 


Patient Population 


The records of 237 patients who underwent partial 
or total interruption of the inferior vena cava at the 
Massachusetts General Hospital between 1943 and 
1974 were reviewed. There were 122 males and 125 
females with a median age of 53 years ranging from 
13 to 91 years. Ligation of the inferior vena cava was 
performed in 154 cases (65%), suture plication was 
used in 27 cases (1196) and a serrated (Miles or 
Adams-DeWeese) prosthetic clip was applied in 56 
cases (24%). The distribution of each of these pro- 
cedures over the 31 year period is demonstrated in 
Table 1. During this period, only five transvenous 
intracaval devices were inserted. Residents in training 
performed 104 procedures and staff surgeons 133. IVC 
surgery was performed under emergency conditions in 
44 cases and six of these patients had pulmonary 
embolectomy simultaneously. Associated conditions 
included cardiac disease in 49 cases, cancer in 38 cases, 
recent orthopedic surgery or stroke causing immo- 
bilization in 55 cases, pelvic surgery in 29 cases, 
abdominal surgery in 21 cases, and use of contra- 
ceptive hormones in nine cases. Sixty-three patients 
(27%) had a remote past history of phlebitis and 
26 (11%) had had femoral vein ligations in the past. 
Phlebitis was noted at the time of surgery in 138 
patients (58%). 

Follow-up data obtained more than 30 days after 
surgery was recorded in the hospital record of 140 of 
201 survivors of the initial hospitalization (70% follow- 
up), with an average follow-up period of 44.3 months 
ranging from slightly over one month to 27 years. 
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TABLE 1. Incidence of Type of IVC Interruption Procedure and 
Hospital Mortality Over Reported 31-vear Period 


aaa O 





Procedure Hospital 

Mortality 
Time Liga- Plica- — 
Interval tion tion Clip Total No. % 
1943-1950 10 Ü 0 10 0 0 
1951-1955 4 0 0 4 0 0 
1956— 1960 E 0 0 B 4 36 
196] — 1965 77 19 0 96 19 19 
1966— 1970 43 8 20 70 9 13 
1971—1974 9 0 37 46 4 9 
Total 154 27 57 237 36 15 


* Number represents the mean. 


Results 
Indications for IVC Interruption 


The most common indication for surgery was pul- 
monary embolization in the face of anticoagulation 
(102 cases). Another 65 patients with phlebitis or 
embolism underwent caval interruption because anti- 
coagulants were contraindicated. usually because of a 
history of gastrointestinal bleeding. recent cerebro- 
vascular accident or neurosurgery, or hemorrhage 
after anticoagulant therapy had been started. In nine 
patients, IVC interruption was carried out when ilio- 
femoral thrombosis was encountered during attempted 
femoral vein ligation. 

In 21 patients IVC surgery was performed as the 
primary therapy for prevention of recurrent embolism 
either emergently in combination with pulmonary em- 
bolectomy (six cases), for septic emboli (eight cases) 
or for cor pulmonale believed to be due to recurrent 
emboli (seven cases). In 19 patients surgery was per- 
formed as a prophylactic measure in the face of phle- 
bitis without embolism. Nine of these cases with 
phlebitis had IVC interruption coincident with other 
abdominal surgery, and ten had septic phlebitis, caval 
thrombosis or iliofemoral thrombosis with phlegmasia 
cerulea dolens. 

Only two patients had purely prophylactic IVC 
interruption with no evidence of emboli or phlebitis, 
one who had an aortoiliac prosthetic graft with a right 
renal arm which crossed the vena cava and the other 
an unreliable patient with a history of emboli in the 
past. Three patients had IVC ligation as a necessary 
part of another procedure, two with aortocaval fistulas 
and one with radical dissection for seminoma. 


Mortality 


Death occurred within 30 days of surgery in 36 
patients (15%, Table 1). Thirteen deaths occurred in 
the 44 patients who had emergent IVC surgery, a 30% 
mortality rate for emergency procedures. Thirty-three 
deaths occurred in patients who had IVC ligation 
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(21% of 154 cases), no deaths occurred in the 27 
plications and three deaths occurred in those who had 
IVC clips (5.3% of 56 cases). Twenty-three deaths 
occurred prior to 1965 (19% of 212 cases) whereas only 
13 occurred in the last decade of the series (11% of 
116 cases). 

Of the 36 hospital deaths occurring within 30 days 
of surgery, 22 are considered directly related to sur- 
gery, a 9.3% operative mortality rate. These deaths 
were associated either with the embolus which pre- 
cipitated emergent surgery (nine cases) or emboli from 
clot present in the cava or right atrium above the 
level of ligation at the time of surgery (four cases), 
or with the stress of the procedure added to underlying 
disease (nine cases). A high proportion of patients in 
this group had significant cardiac disease (13 cases) 
or extensive cancer (three cases including one with 
emboli from right atrial implants) and all but three 
died precipitously within one day of surgery. Of 46 
cases in the last four years of the series. only one 
fell into this category of operative mortality (2.2%). 

Fourteen of the 36 hospital deaths are considered 
related mainly to the severity of the patient's original 
disease and debilitation with cardiac illness. advanced 
cancer, or stroke contributing in large measure. Almost 
all the deaths in this group occurred relatively late 
following surgery. 


Operative Morbidity 


Postoperative increases in leg swelling within 30 
days of surgery were recorded in 36% of the overall 
series (86 cases) as follows (Table 2): 43% of the 
ligation group (66 cases), 30% of the plication group 
(eight cases), and 21% of the clip group (12 cases). 
As can be seen from Table 3, the incidence of early 
swelling was significantly related (p < 0.02) to the pres- 
ence of phlebitis at the time of surgery and also to 
the type of IVC procedure employed. Among patients 
with no phlebitis preoperatively, 33% of ligations and 
12% of nonocclusive interruptions had early swelling 
(p < 0.05). Among 112 patients who had unilateral pre- 
operative phlebitis, 48% of ligations and 24% of partial 
interruptions had postoperative swelling of the con- 
tralateral leg (p < 0.02). 

Use of anticoagulation with heparin or coumadin 
on the first postoperative day did not favorably 
influence early swelling and there were seven hema- 
tomas (8%) associated with their use. Elevation of 
the legs or use of elastic wraps in the early postopera- 
tive period did not significantly reduce the incidence 
of early swelling, nor did ambulation in the first 
three postoperative days. 

Although mild transient decreases in blood pressure 
were recorded in a number of cases. significant 
hypotension below 100 mmHg at the time of caval 


Vol. 191 e No. 3 


PREVENTION OF PULMONARY EMBOLISM 369 


TABLE 2. Comparison of Morbidity and Mortality following Three Types of Inferior Vena Cava Interruption 





Type of Procedure 





Ligation Plication Clip Total 
No. % No. % No. OC No. % 
Hospital mortality 33 22 0 0 3 3.3 36 15 
Early leg swelling 66 43 8 30) 12 21 86 36 
Late leg swelling* 53 61 9 45 8 24 70 50 
Recurrent embolus* 12 7.8 3 11.1 3 5d 18 7.6 





* Late follow-up patients (140 cases). 


occlusion was noted in only eight patients (3.3%), all 
of whom had ligations. Hypotension in the early post- 
operative period occurred in 28 other patients, most 
with cardiac disease and congestive failure or moderate 
volume shifts unmasking underlying dehydration. 

More than 4000 cc of fluid was administered during 
the course of operation and the first postoperative 
24-hour period in 23 cases (9.7%). Seven of these had 
simultaneous major surgery, four had hemorrhage 
associated with caval surgery, and three were over- 
loaded by error to the point of pulmonary congestion 
in over-anticipation of fluid sequestration following 
IVC interruption. Postoperative acute tubular necrosis 
was recorded eight times, three related to bleeding, 
one after pulmonary embolectomy, three due to post- 
ligation hypotension, and one after extensive pelvic 
surgery for carcinoma. There were no documented 
cases of renal vein thrombosis. 


Late Morbidity 


Of the 201 survivors of the initial hospitalization, 
records of postoperative follow-up were available in 
140 instances (7096) with an average follow-up of 44.3 
months. Late venous insufficiency manifested by leg 
swelling was recorded in 50% of this group (70 cases). 
Dermatitis, varicose veins or leg pain or heaviness 
without associated swelling was noted in 10% of the 
patients and no late leg sequellae were recorded in 
40%. Late leg swelling of various degrees of severity 
in 61% of the 87 patients followed after ligation, 
45% of the 20 patients followed after plication and 
24% of the 33 patients followed after clipping (Table 2). 
Moderate or severe venous sequellae,defined as pres- 
ence of stasis ulcers or edema unresponsive or 
poorly responsive to support stockings, were found in 
30% (27 patients) of the ligation group, 25% (five pa- 
tients) of the plication group and none of the clip group. 

Presence of a remote past history of phlebitis and 
early postoperative edema both significantly increased 
the likelihood of late leg swelling (p < 0.05) (Table 4). 
The highest frequency of late swelling occurred in 33 
patients with past phlebitis who had ligations (69%). 
Forty-two patients were discharged on coumadin with 


no significant reduction in incidence of late leg swelling 
(40%) when compared to those without coumadin 
(56%). 


Recurrent Pulmonary Embolism 


In 18 patients (7.6%) proven or suspected emboli 
were recorded, six of which were fatal (2.5%). In 12 
instances (5.1%) emboli were confirmed by pulmonary 
angiography, lung scan or postmortem examination. 
Five recurrences, all confirmed, occurred in the early 
postoperative period, with 13 instances of late re- 
currence (9.3% of the follow-up group), almost all more 
than two years postoperatively, seven of which were 
confirmed (5%). Differences in incidence of recurrent 
emboli by type of IVC interruption used were not 
statistically significant (Table 2), with 12 cases of 


TABLE 3. Association of Various Factors with the Incidence of 
Early Postoperative Leg Swelling* 


Risk of 
Early Leg 
Swelling Signifi- 
Factor (%) cance 
Past history of phlebitis 41 (26/63) NS 
No past history of phlebitis 34 (60/174) 
Phlebitis at time of surgery 49 (67/138) — 0.001 
No phlebitis at time of surgery 25 (19/76) P 
Type of procedure 
ligation 43 (66/154) 
plication 30 (8/27) p = 0.013 
clip 21 (12/56) 
Anticoagulants on first postoperative 
day 31 (30/97) 
No anticoagulants on first postoperative NS 
day 40 (56/140) 
Elevation of legs postoperatively 39 (54/139) NS 
No elevation of legs postoperatively 31 (32/98) 
Wraps to legs on first postoperative 
day 36 (49/135) 
No wraps to legs on first postoperative NS 
day 36 (37/102) 
Ambulation within three days post- 
operatively 30 (22/73) NS 


No early ambulation 39 (64/164) 


* 237 patients. NS = p > 0.05. 
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proven or suspected recurrent emboli in the ligation 
group (7.8% of ligations), three in the plicaticn group 
(11.1%) and three in the clip group (5.4%). 

Thrombus was found in the vena cava above the 
site of IVC surgery, in a renal vein or in the right 
atrium in all five early recurrences and could pos- 
sibly have been there at the time of operation. Ac- 
cording to the operative notes. in 13 patients with 
suspected or proven recurrence IVC interruption was 
performed more than 2 cm below the right renal vein, 
in one patient just above the bifurcation, ard in one 
Just below a large entering tributary. There is no 
record of routine ligation of ovarian or 'esticular 
veins, and four patients with recurrence had pelvic 
phlebitis at the time of operation. In two cases post- 
operative cavagrams demonstrated large collaterals 
entering the cava above the site of interruption. 


Discussion 


Accurate comparative assessment of various meth- 
ods of preventing embolism is very difficult. Besides 
the usual vagaries introduced by retrospective studies 
performed by different observers in differen: settings 
at different times, many of the crucial variables under 
discussion are notoriously hard to control. Venous 
thrombosis and pulmonary embolism are oftea inexact 
diagnoses, even today when phlebography. radio- 
actively labelled tracers, noninvasive hemodynamic 
measurements and pulmonary arteriography are being 
used more frequently. Mortality statistics reported for 
various IVC interruption procedures are often heavily 
influenced by the burden of underlying cardiac. neo- 
plastic and other debilitating diseases which may 
contribute to “hospital mortality" quite independently 
from the procedures themselves. Any rational discus- 
sion of IVC interruption techniques must proceed 
cautiously with hopes that analysis of future ex- 
perience will be based on increasingly exact information. 

It has been estimated that 15% of deaths in acute 
care general hospitals can be directly related to pul- 
monary embolism, involving 126,000 cases per year in 
the United States. Within one hour after embolism, 
11% of all patients with emboli and 75% of the victims 
of massive emboli are dead.*!” Approximately 30% 
of the patients suffering from pulmonary embolism 
sustain recurrent emboli in the absence of medical 
intervention, and in 18% recurrent emboli are fatal. 
Statistics such as these emphasize the need for securing 
effective prevention and therapy for thromboembolic 
disease. 

Measures to avoid venous stasis in the egs and 
use of low doses of anticoagulants are the most com- 
monly employed methods of preventing venous throm- 
bosis. Once significant venous thrombesis has 
occurred, reliance is placed on therapeutic evels of 
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TABLE 4. Association of Various Factors with the Incidence of 
Late Postoperative Leg Swelling* 


eee 


Risk of 
Late Leg 
Swelling Signifi- 
Factor (%) cance 
Past history of phlebitis 62 (28/45) ~ 0.047 
No past history of phlebitis 44 (42/95) EUM 
Phlebitis at time of surgery 52 (50/97) NS 
No phlebitis at time of surgery 47 (20/43) ` 
Early Swelling after surgery 61 (34/56) ~ 0.038 
No early swelling after surgery 43 (36/84) a oe 
Type of procedure 
ligation 62 (54/87) 
plication 40 (8/20) p = 0.001 
clip 24 (8/33) 
Anticoagulated at time of discharge 40 (17/42) NS 
Not anticoagulated at time of discharge 56 (53/98) i 


* 140 patients. NS = p > 0.05. 


anticoagulants as the primary means of preventing 
pulmonary embolism. Patients who present with a pul- 
monary embolus should, preferably, be treated initially 
with continuous intravenous heparin in addition to 
whatever support measures may be required.?^ 

In spite of the documented usefulness of anticoagu- 
lants, they fail to prevent pulmonary embolism in 
5-25% of patients under treatment for venous throm- 
bosis*"" and in 2-20% of patients with previous 
emboli.*?*25 [n addition, anticoagulation may be 
contraindicated or require discontinuation because 
of hemorrhage. To meet the need for supplementary 
or alternative methods of effective control of embolism, 
a number of ingenious invasive aproaches have been 
introduced over the years. Femoral vein ligation? 
complete or partial surgical interruption of the IV 13719-25 
and transvenous intracaval positioning of occluding 
or filtering devices!*!7292* have been employed. 
Femoral vein ligation is rarely used today because of 
reported embolism rates as high as 2662 after surgery”? 
and suture plication of the IVC has fallen into disfavor 
because of documentation that the channels between 
sutures may dilate and allow passage of thrombus. 
Most surgeons rely on partial IVC occlusion using a 
smooth or serrated clip or transvenous placement of 
an intracaval filter, with IVC ligation held in reserve for 
selected indications. 

Overall hospital mortality within 30 days of surgery 
was 15% in our experience with IVC interruption. 
Other series have reported mortality rates from 6- 
40501 35-7.192125 reflecting the varying array of underlying 
severe illnesses with which patients with thromboem- 
bolic disease are afflicted. Operative mortality, which 
attempts to focus on deaths directly associated with 
surgery, was 9.3% in our series and over half of this 
group died chiefly as a result of the embolism for 
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which surgery was felt to be indicated. Improved 
technology applied to the basic illnesses and to 
supporting patients decompensated by emboli reduced 
overall hospital mortality to an 11% rate in the last 
ten years reviewed, and operative mortality to only 
2.2% in the last four years. Indeed, in patients free 
of heart disease, malignancy, massive embolism and 
major sepsis, Couch? found no mortality in a series of 
patients treated by caval clip between 1966 and 1972. 
Reported operative mortality rates for insertion of 
transvenous intracaval devices range from 4— 1666 !*»7* 
though poor risk patients are often chosen for these 
procedures and many associated deaths relate to under- 
lying causes and not to the technique itself. 
Unfortunately, many patients who may need IVC 
interruption are not free of major disease. Most 
prominent among poor risk patients are those who 
have just suffered a massive pulmonary embolus. 
In general, urgent IVC interruption of any variety 
as a primary procedure after massive embolism should 
be reserved for patients who suffer embolism while 
under treatment with intravenous heparin, in whom 
immediate anticoagulation with heparin is strongly 
contraindicated or in whom pulmonary embolectomy 
is deemed necessary. Even patients who suffer massive 
embolism while adequately anticoagulated with oral 
agents should first be heparinized and stabilized rather 
than rushed to the operating room for IVC interruption, 
a policy associated with a 30% mortality rate in our 
series. Patients who fail to stabilize with appropriate 
medical support should have pulmonary embolectomy 
with IVC interruption if embolectomy is successful. 
Combined transvenous catheter pulmonary embolec- 
tomy and IVC filter placement" may hold promise 
for these patients, though if surgery is chosen, an 
extracaval clip may easily be applied by extending 
the median sternotomy below the costal margin. 
Femoral vein ligation was introduced as the first 
surgical means of controlling embolism, and has been 
supplanted by direct IVC surgery and intravenous 
devices because of what was regarded as a high rate of 
failure to prevent fatal emboli. In point of fact, 
embolic rates following femoral vein ligation of 0.6— 
10% in some reports^*? are not much worse than 
those reported following caval interruption by other 
means, as discussed below. In our opinion, femoral 
vein ligation under local anesthesia should be used 
more frequently when embolism occurs from sources 
clearly localized below the groin level by phlebography. 
With virtually no operative mortality, this approach 
seems particularly well suited to gravely ill patients. 
In spite of fears concerning frequent acute and 
massive fluid shifts after IVC ligation with subsequent 
hypotention and renal failure," only a small number 
of patients in our series experienced this phenomenon. 
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Use of nonocclusive methods,'* routine hydration pre- 
cautions and temporary IVC occlusion before perma- 
nent interruption can make this problem negligible. 

More gradual fluid sequestration in the legs during 
the early postoperative period was significantly asso- 
ciated with IVC ligation. In a number of instances at 
variable intervals after clip placement, edema in- 
creased abruptly suggesting that the clip had arrested 
an embolus causing IVC occlusion. Couch? attributed 
one-third of 55 cases of early swelling after 112 clip 
applications to this phenomenon. Anticoagulation in 
the immediate postoperative period provided no pro- 
tection against early leg swelling, and with an 8% 
incidence of bleeding. we do not recommend its 
early use. 

Late venous sequellae after IVC surgery have been 
reported in 20-50% of patients.' ^57:1*?'7^ Underlying 
venous disease is a potentiating factor and poor 
venous collateralization around the site of IVC oc- 
clusion produced by ligation or vena caval thrombosis 
following application of a clip may cause early edema 
which persists for months or years. We recommend 
the use of long-term oral anticoagulation and elastic 
support stockings in all appropriate patients with hopes 
of minimizing late sequellae directly related to pro- 
gressive underlying venous disease. 

A dramatic influence on the occurrence of serious 
late venous stasis can be expected by avoiding tech- 
niques which produce IVC occlusion. Among non- 
occlusive techniques, IVC occlusion may result after 
24-35% of serrated clips with 12-41% late venous 
sequellae,^*!" after 47-67% of transvenous Mobin- 
Uddin umbrellas with 5-75% late sequellae,''7"** 
and after 3-5% of Greenfield filters with 12-38% 
sequellae.!*!^?* Though these figures may simply 
reflect a varying incidence of underlying venous dis- 
ease and migrating emboli arrested by the devices in 
the patients under study, the Greenfield filter appears 
to allow better patency rates and may result in less 
late venous sequellae. Purely prophylactic IVC inter- 
ruption’ does not seem warranted in view of the 
irreducible incidence of sequellae which results with 
all present methods. 

Pulmonary embolism was suspected or confirmed 
in 7.6% of our series with no significant difference 
among types of open IVC interruption techniques, 
comparing with reported embolism rates of 0-50% for 
these procedures! ”?-1°-21-24-26 and 0-8% for transvenous 
intracaval devices. !4:!°:!7-?9 With such wide variations 
in figures, it is impossible to choose one method which 
is conclusively superior to all others in this regard. 
Irrespective of approach, there are precautions which 
may be taken to minimize the risk of pulmonary 
embolism. A certain number of ‘recurrences’ may 
result from dislodging clot during IVC interruption, 
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placing the device below a clot in the renal vein, right 
atrium or upper extremity veins or placing the device 
unilaterally on a common iliac vein or double vena 
cava. These instances can best be avoided by careful 
technique, with assurance that the device is applied 
close to the renal veins to avoid creation of a 
stagnant cul-de-sac if occlusion below the level of 
interruption should occur and to reduce significant 
collateralization by large lumbar veins entering the 
vena cava above the site of interruption.!'? There 
may be a place for routine testicular and ovarian 
vein ligation, especially in cases of pelvic phlebitis 
where this collateral to the left renal vein can be 
ligated most easily through a midline surgical approach 
in combination with clip placement. Indeed. when 
the open surgical approach is chosen, it may be 
preferable to routinely use a vertical epigastric incision, 
which generally provides better exposure of the vena 
cava and all its branches than does the retroperitoneal 
flank approach used most commonly in our series. 
Pollack” believes that longterm anticoagulation can 
reduce the incidence of recurrent embolism, and we 
agree that it should be used unless contraindications 
exist. 

In summary, there continues to be a group of pa- 
tients who require IVC interruption to prevent pul- 
monary embolism. Except in instances where IVC oc- 
clusion is required to prevent small septic or para- 
doxical emboli, nonocclusive methods are clearly 
preferred to minimize the incidence of late venous 
insufficiency syndromes. We believe that open surgical 
techniques can be applied with negligible mortality 
in all but severely ill patients in whom the trans- 
venous approach or femoral vein ligation should be 
employed. Dislodgement, migration, perforation of the 
vena cava and frequent caval thrombosis have been 
associated with various intracaval filters, though the 
larger 28 mm Mobin-Uddin umbrella?? and the Green- 
field device'*'^ show promise in reducing these com- 
plications. Transvenous filters have not yet been 
proven superior to surgically applied vena cava clips 
with respect to leg sequellae and recurrent embolism. 
Careful assessment of new approaches to prevention 
of pulmonary embolism will allow continued evolution 
towards safer and more reliable techniques in the 
years ahead. 
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Mechanical Sutures in Esophageal Surgery 


Precise, safe and expeditious suturing of the esophagus to the 
stomach or the small or large bowel is required in procedures 
designed to re-establish continuity following esophagogastrec- 
tomy, partial or total esophagectomy and total gastrectomy, 
and to control exsanguinating hemorrhage from ruptured 
esophageal varices. In the anastomosis of the esophagus to the 
stomach, small or large bowel, and in the control of hemorrhage 
from bleeding esophageal varices by a modified Tanner- 
Boerema procedure, the EEA, the GIA (loaded with SGIA 
cartridges) and the TA-55 stapling instruments significantly 
facilitate and simplify these operations. 


HE EEA, THE NEWEST of the stapling instruments, 
T is used in the creation of inverting end-to-end 
anastomoses.’ The instrument is introduced into 
the lumen of the bowel through a natural orifice, such 
as the anus, or through a stab wound in the gastroin- 
testinal tract, proximal or distal to the proposed anas- 
tomosis. The choice of the EEA introduction site is 
decided by the technical ease with which the instru- 
ment can be placed into the gastric or intestinal lumen. 
The head of the instrument contains a circular anvil 
and a cartridge harboring two circular staggered rows 
of staples and a central circular knife. Following cor- 
rect placement of the EEA, a squeeze of the handle 
introduces two circular rows of staples and advances 
the circular knife which punches out purse-stringed 
doughnut rings of both bowel ends, thus creating an 
instantaneous end-to-end anastomosis. 

The GIA instrument, as ordinarily employed, allows 
the introduction of two staggered rows of staples on 
each side of a dividing blade. For the purpose of ob- 
taining hemostasis, a special (SGIA) cartridge has been 
created that does not contain the dividing blade. With 
it one introduces four staggered linear rows of staples, 
producing safe and hemostatic suture lines. 

The TA-5$5 instrument deposits linear, double stag- 
gered rows of staples. It is used essentially for the 
closure of the GIA and EEA introduction sites in the 
various procedures to be described below. 
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Esophagogastrostomy Following Esophagogastrectomy 


In esophagogastrectomy the proximal stomach is 
closed transversely with two applications of the TA-90 
stapler and transected between the two staple lines 
(Fig. IA). An instrument, allowing the introduction 
of a purse string suture (modified Furniss clamp) is 
placed across the esophagus, proximal to the lesion. 
A 2-0 monofilament suture on a straight needle is 
passed through a posterior groove in the instrument 
and is then returned through a similar anterior groove 
(Fig. 1B). 

The anterior wall of the stomach is opened in its 
lower third with electrocautery for introduction and 
placement of the EEA instrument. Alternatively, the 
longitudinal pylorotomy, first step in a planned pyloro- 
plasty, may be used for this purpose (Fig. IC). The 
EEA anvil is temporarily removed and the instrument 
introduced into the stomach. The central rod is then 
pushed against the anterior wall of the stomach some 
5 cm distal to the gastric closure, a purse string suture 
is placed and a small gastric stab wound produced in 
the center of the purse string (Fig. ID). The central 
rod is advanced through the stab wound and the 
anvil is attached (Fig. 1E). 

The esophagus is transected below the modified 
Furniss clamp, using this instrument as a guide for the 
scalpel. The previously placed purse string suture will 
now encircle the esophagus (Fig. 1 F). The gastric purse 
string suture is tied and the anvil introduced into the 
esophageal lumen (Fig. 1G). The esophageal purse 
string is tied down and the anvil — carrying the esoph- 
agus, and cartridge, carrying the stomach — are brought 
together by turning the wing nut of the EEA instru- 
ment in a clock-wise fashion (Fig. 1H). The handles 
of the EEA instrument are squeezed, producing an 
instantaneous inverting esophagogastrostomy by plac- 
ing two circular rows of staples, while a circular inner 
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knife cores out the doughnuts formed by the esophageal 
and gastric purse strings. The EEA introduction site 
is closed with the TA-55 instrument (Fig. 11). A gastric 
plication is performed over the anastomosis for pro- 
tection, and as an antireflux measure (Fig. 1J). 


Comment 


This technique is feasible only for anastomosis of 
the stomach to the lower third of the esophagus per- 
formed through an abdominal and left thoracic ap- 
proach. For anastomosis to the mid- and upper-thirds 
of the esophagus, the EEA is not long enough if used 
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Figs. 1A-C. 


through the abdomen; used through the thoracotomy, 
the EEA is cumbersome. A high right sided anas- 
tomosis is usually difficult technically with the EEA 
and in such cases we prefer the use of the GIA stapler 
as described by Chassin,” or the replacement of the 
total esophagus with anastomosis in the neck as pre- 
viously described by us.” 


Cervical Esophagocolostomy Following Total Esoph- 
agectomy 


In this type of reconstruction, the EEA instrument 
is introduced through the open terminal ileum if the 
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right colon is used for esophagoplasty, or through a 
separate stab wound if the descending colon is used. 
It replaces a technique in which the GIA was used 
previously.” 

Since the ileocecal valve is narrow, the usage of a 
25 mm or 28 mm cartridge is indicated. The anvil is 
temporarily removed and the central rod of the EEA, 
carrying the cartridge. is introduced through the open 
terminal ileum and the ilecocecal valve. With the cen- 
tral rod pushing through the opening left by the ap- 
pendectomy, a purse string suture is placed in the wall 
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of the cecum, around the projecting central rod. The 
cartridge rests inside the cecal lumen. The purse 
string is tied and the anvil is attached (Fig. 2A). 

A purse string is placed near the cut edge of the 
esophageal stump and the anvil is advanced into the 
esophageal lumen. The esophageal purse string is tied, 
esophagus and cecum are brought in apposition by 
closing the anvil against the cecum. The instrument 
is activated and an end-to-end inverting esophago- 
cecostomy is created. The EEA is withdrawn by 
separating anvil from cartridge and turning the instru- 
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ment in a to-and-fro fashion, while gently pulling on 
it (Fig. 2B). The inverting circular anastomosis is 
Clearly visible. The terminal ileum is closed with the 
TA-55 stapler, and amputated flush with the cecum 
(Fig.-2C). 


Esophagojejunostomy Following Total Gastrectomy 
(As Part of a Paulino Gastric Substitute) 


The EEA is ideally suited to achieve an end-to-side 
esophagojejunostomy, below or above the diaphragm, 
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with the instrument carrying the jejunum to the esoph- 
ageal stump. 

The anvil is temporarily removed from the EEA 
instrument. The instrument is then introduced through 
the open cut end of jejunum, with the central rod 
pointing against its antimesenteric border. some 
10 cm from the open introduction site of the EEA 
instrument. A purse string suture is placed around 
the projecting rod and through a stab wound in the 
center of the purse string the rod is pushed beyond the 
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bowel wall, with the cartridge resting inside the lumen 
against the bowel wall. The anvil is now attached to the 
tip of the central rod (Fig. 3A). 

A purse string suture is placed in the lower circum- 
ference of the esophagus very near its open lumen. 
The anvil is separated from the cartridge and is intro- 
duced into the esophageal lumen. the esophageal 
purse string is then tied around the central rod and 
the anvil is closed against the cartridge bringing both 
the esophagus and the jejunum in apposition. By 
activating the instrument, a circular, inverting, end- 
to-side esophagojejunostomy is created. The instru- 
ment is withdrawn by opening the gap between anvil 
and cartridge and turning the instrument obliquely 
(Fig. 3B). 

Following the removal of the EEA, the jejunum is 
closed vertical to its long axis with the TA-55 instru- 
ment, flush with the lateral aspect of the esophagus. The 


excess jejunum is excised. A minimally everting linear 
closure is thus obtained. The Paulino jejunal pouch 
is demonstrated in these drawings as already com- 
pleted. We usually construct the pouch after the 
esophagojejunostomy has been completed (Fig. 3C). 


Modified Tanner-Boerema Procedure 


In patients with severe or exsanguinating hemor- 
rhage from bleeding esophageal varices, diagnosed 
preoperatively or intraoperatively by esophagogastros- 
copy, and in whom the general condition does not 
allow a portasystemic shunt, we have found a modi- 
fication of the Tanner-Boerema procedure quite help- 
ful. 7:19:11? [n such patients suture ligation and tran- 
section of all the large veins, especially the coronary 
vein, is performed in the gastrohepatic ligament. En- 
larged veins to the left of the esophagogastric junction 
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are similarly doubly ligated and transected. Hemostasis 
of intramural esophageal varices by transection of the 
esophagus, oversewing of both the esophageal and 
gastric stumps and reanastomosis as originally de- 
scribed by Tanner, can be performed in two differ- 
ent ways. 

VanKemmel modification performed with the EEA 
instrument,*?*» The EEA instrument is available 
with cartridges and anvils measuring 25, 28 and 31 mm 
in diameter. While we have found the 31 mm cartridge 
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quite useful in most low rectal anastomoses. requiring 
occasionally a smaller sized cartridge, the 25 mm 
cartridge and occasionally in the larger esophagus, 
the 28 mm cartridge are chosen for anastomoses to 
the esophagus. 

The EEA instrument, with the cartridge and anvil 
approximated, is introduced through a stab wound in 
the midanterior gastric wall. The anvil and cartridge 
are then screwed apart. A 1-0 ligature is passed around 
the esophagogastric junction and drawn tight around 
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the shaft of the instrument. The anvil is then screwed 
back against the cartridge and the instrument is acti- 
vated, thus creating an instantaneous full thickness 
annular resection and end-to-end anastomosis of 
esophagus to stomach with two double rows of staggered 
circular staples (Fig. 4A). 

The anvil is then separated from the cartridge and 
the instrument disengaged from the esophagogastric 
anastomosis. The EEA instrument introduction site in 
the stomach is closed with a linear suture placed by 
the TA-55 instrument (Fig. 4B). 

The final result of the hemostatic esophagogastros- 
tomy is shown (Fig. 4C). 
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Rinecker-Danek modification using the GIA instru- 
ment loaded with the SGIA cartridge." Through a small 
stab wound along the anterior aspect of the lesser 
curvature, distal to the esophagogastric junction, the 
anvil carrying blade of the GIA instrument is intro- 
duced into the lumen of the stomach, and the cartridge 
carrying arm of the GIA, loaded with the special GIA 
cartridge that does not contain the dividing blade, is 
introduced outside the gastric lumen on the anterior 
wall of the stomach. Both instrument halves are matched, 
the staple pushers are advanced and four staggered 
rows of staples are deposited (Fig. 5A). 

As the instrument is removed the four staggered 


380 


Å 


ANTERIOR WALL 
APPLICATION 


POSTERIOR WALL 
APPLICATION 


staple rows are clearly visible. The instrument is then 
reloaded with a second SGIA cartridge which is 
applied similarly to the posterior wall of the stomach 
with the cartridge bearing arm inside the stomach and 
anvil bearing arm outside the posterior wall of the 
stemach. Again, the instrument halves are matched, 
the two pusher bars activated and a posterior row of 
staples is introduced, joining at the far end the 
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anterior staple line. By keeping both of these four 
staggered rows of staples as near to the esophagus as 
possible, but on the gastric side of the esophagogastric 
junction, a safe hemostatic circular suture line is ob- 
tained. Following the removal of the instrument after 
the second application, the introduction site of the GIA 
is closed in an everting fashion with the TA-55 instru- 
ment (Fig. SB). 
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Benign Sacrococcygeal Teratomas in Infants and Children 


A 25 Year Review 


SIGMUND H. EIN, M.D.C.M., F.R.C.S.(C), F.A.C.S..* S. DEBO ADETEMI, M.B. B.S.. F.R.6.S 40). 4 


KENT MANCER, M.D., B.Sc.(MED), F.R.C.P.t 


A review of 33 infants treated over 25 years for benign 
sacrococcygeal teratoma shows that this is predominantly a 
newborn tumour presenting mostly as an external mass and 
carrying an excellent prognosis provided surgical treatment 
is prompt and complete excision accomplished. Resectability 
was 100% in this series as is usually the case. This tumour 
must however, be differentiated from other masses presenting 
in the sacrococcygeal area by a careful histologic study since 
these other lesions generally require a different therapeutic 
approach. 


HE PURPOSE of this paper is to review the records of 
T 33 infants with benign sacrococcygeal teratomas 
who received treatment at the Hospital fcr Sick 
Children, Toronto between 1951 and 1976. 


Clinical Material 


Twenty-five of the 33 infants were females and eight 
males. The diagnosis was made at birth in 32 of these 
babies and at six weeks in one. There was one twin 
and a family history of twinning in four. 

Twenty-six babies were born full term and four at 
periods less than 38 weeks gestation. Delivery was 
normal in 24 and two were delivered by Caesarian 
section because of the sacrococcygeal mass. Birth 
weight was over 3 kg in 23 and less than 3 kg in seven. 
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Associated anomalies were an absent eye, sacral 
myelomeningocele, vaginal stenosis, VSD, spina bifida 
occulta and esophageal atresia with TEF. 

Five of the tumors were small, 15 medium and 13 
large. Preoperative x-rays showed calcification in 12. 
Five were totally cystic, three solid and 25 had both 
components. 

The tumor was resectable in all 33 neonates through 
à sacrococcygeal (prone) approach. One baby also 
needed an abdominal exposure. The coccyx was re- 
moved along with the mass in 21 babies. There was 
one tumor recurrence. One newborn died of operative 
cardiac arrest due to anesthetic problems. Post- 
operative complications were wound infection (six), 
diarrhea (three), wound dehiscence (three) and drain- 
ing sinus (two). 

Twenty-four of the 33 babies were followed up to 
1975: Three for less than one year, 16 for one to five 
years and seven longer than five years. 


Discussion 


The benign sacrococcygeal tumor occurs much less 
frequently than other neonatal anomalies.!'? Its origin 
is controversial.' * The fact that this tumor is benign 
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and in the newborn contrasts with the malignant 
form which is almost always found in the older child. 
Seventy-six per cent of our infants were female and 
this coincides with the 80% average found in the 
literature. 

The diagnosis of these tumors must be confirmed 
histologically since other masses presenting in the 
sacrococcygeal region may mimic them clinically. In 
our hospital between 1951 and 1976, the following 
infant sacral tumors were mistakenly diagnosed initially 
as benign sacrococcygeal teratomas: anterior menin- 
gocele, extraspinal glioma, presacral epidermoid tu- 
mor, neuroectodermal hematoma, CNS malformation 
and rectal duplication. Other conditions that may be 
similarly confused include: abscess, chordoma, neuro- 
fibroma, ganglioneuroma, ependymoma and cystic 
hemangioma.’ 

Although the incidence of twinning in these families 
appears to be small in our series, there was no 
mention of this fact being sought after in the majority 
of records. It may help in making the clinical diagnosis. 
It is enticing to speculate that a sacrococcygeal 
teratoma is one end of a spectrum that stretches from 
the sacrococcygeal teratoma through the neonate with 
a double pelvis and four limbs, fetus-in-fetu, siamese 
twins to the normal set of twins. 

The presence of a sacrococcygeal mass does not 
appear to affect gestation, although delivery may be 
made difficult if the mass is large enough. This was 
the case in two newborns in our series who required 
Caesarian section for delivery on account of the large 
mass. In such instances, the tumor is usually the size 
of a baby’s head. 

Congenital anomalies are more frequent in infants 
with benign sacrococcygeal teratoma; no particular 
anomaly seems to be more frequently found than 
others. Altman reported an 18% incidence of newborn 
anomalies in these babies compared with 2.5% in the 
unselected population.* Cross? (5%) and Carvey” 
(26%) both found higher numbers of anomalies in their 
series. The incidence in our group was 18%. 

Altman et al. classified these tumors into: 


Type I: (totally external): 

Type II: (almost completely external): 
Type III: (almost completely internal) and 
Type IV: (totally internal). 


In our series there were 19 Type I, 10 Type II, 
three Type III and one Type IV. As with most other 
series, 87% of the newborns in our group had Type I 
and Type II tumors. This fact is obviously the reason 
why the diagnosis was made at birth or shortly 
thereafter. The larger the portion of the tumor inside 
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the pelvis, the later the diagnosis is made. The only 
infant who had a benign tumor diagnosed outside the 
newborn period had a Type IV tumor. This baby was 
indeed very fortunate that its tumor was removed not 
much later than six weeks of age, because such delay 
results in malignant transformation with a completely 
different outlook. When this transformation exactly 
takes place is as yet an unanswered question. Most 
Type IV tumors are diagnosed at a much later age 
by which time malignant changes have taken place. 
Hence the importance of early diagnosis and treatment 
of any sacrococcygeal mass no matter how small 
Or apparently insignificant. There is no rationale in 
watching and waiting as it will not go away. 

As with most benign sacrococcygeal tumors, the 
majority seen in our series were of the mixed cystic 
and solid variety and quite large mainly due to the 
cystic component. This clear fluid is usually CSF not 
connected with the baby’s own circulating CSF, but 
coming from the choroid plexus in the tumor mass. 
Although most newborn sacrococcygeal teratomas are 
for the most part large, cystic and benign, size or 
consistency does not have any clinical value in 
determining the prognosis. Furthermore, the presence 
or absence of radiologic calcification in the mass bears 
no significance as to whether it is a teratomatous 
mass or not, or whether the tumor is benign or 
malignant.^?.'" Only 36% of our neonates had radio- 
logic calcification in their tumor. 

The only absolute way to diagnose and treat the 
newborn with a sacrococcygeal mass is to completely 
excise it—the sooner the better! Since this tumor arises 
in the coccyx, excision of the coccyx along with 
the mass is necessary in order to accomplish total 
excision.^? Twenty-one of our 33 babies were so 
treated. It is not intended to discuss the various 
surgical approaches of managing this benign tumor 
in this report, since others have adequately dealt 
with this aspect.??!'* The only tumor recurrence in 
our series occurred in one of the 12 infants who did 
not have their coccyx removed. 

Wound infection was the most frequent postopera- 
tive complication in our group (18%) as well as in 
others. This is hardly surprising considering that all but 
one of the babies in our series had their tumor re- 
moved by the perineal (prone) approach. The small 
incidence of temporary diarrhea (9%) as well as the 
occasional bladder dysfunction are also not beyond be- 
lief considering the major retrorectal and lower 
retroperitoneal dissection required for many of these 
tumors. Sometimes the retroperitoneal extension, 
while not always felt by abdominal examination (even 
under general anesthesia), can be quite large making 
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th 


e external component of the mass resemble the tip 


of an iceberg. These few complications did not appear 
to pose much of a problem. Antibiotics were not used 
on a routine basis either prophylactically or thera- 
peutically in this series. 


The only death was related to anesthesia and oc- 


curred on the operating table. Although the follow-up 
of the babies in this series was only 80%, those that 
were followed remained well with normal perineal 
function in all respects. 
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January 24, 1978 
Dear Editor: 


In the December 1977 issue, you published two ar- 
ticles by A. E. B. Giddings, et al., dealing with insulin 
and glucose kinetics following surgery. A central theme 
of their work was that they had invalidated the use of 
the k value calculated from a traditional (bolus) intra- 
venous glucose tolerance test (IVGTT) as a measure 
of the rate of glucose utilization. We cannot understand 
how Dr. Giddings et al. can claim to have invalidated 
one test (the bolus IVGTT) by comparing the results 
obtained from that test to those obtained from another 
test (constant-infusion IVGTT) which itself has not 
been validated. This is especially perplexing when it is 
considered that they have made the same fundamental as- 
sumptions in their constant infusion experiments that 
are implicit in the bolus IVGTT, i.e., that endogenous 
glucose production is suppressed during exogenous 
glucose infusion, that there is a single, well-mixed glu- 
cose space in the body, and that all glucose disap- 
pearance from plasma is due to tissue uptake. Because 
of the high infusion rate they used relative to endoge- 
nous glucose production, their assumption regarding 
the suppression of production is not likely to be a seri- 
ous error. However, their assumption of a single, 
rapidly mixing glucose pool is well known to be inac- 
curate. Steele! first recognized the presence of more 
than one glucose ‘‘pool, and the nature of the multiple 
glucose *'pools" has been the subject of numerous 
papers over the last 15 years. It is widely recognized 
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that if one assumes the total glucose pool participates 
in nonsteady state kinetics (as Giddings et al. have 
done), serious errors in the calculated rate of tissue 
utilization can result when radiolabeled tracers are 
used”; such would also be anticipated to the case during 
nonsteady states resulting from unlabeled glucose in- 
fusions. Also, in their constant infusion experiments, 
Giddings et al. achieved plasma glucose concentrations, 
far in excess of the renal threshold; thus their assump- 
tion that all glucose disappearance from plasma was 
due to glucose utilization was erroneous not only be- 
cause of the presence of diffusion gradients within the 
total volume of distribution of glucose, but probably 
also because of urinary spill. We agree that the bolus 
IVGTT is not a reliable index of glucose uptake — we 
have recently demonstrated this fact by comparing the 
bolus IVGTT to an experimentally validated technique.? 
We do feel, however, that there is no reason to be- 
lieve that a constant infusion technique based on similar 
fundamental assumptions as the bolus test yields re- 
sults that are any more reliable. Because of the lack 
of any experimental or even theoretical validation of 
the technique used by Giddings et al., clinical recom- 
mendations based on their experimental data seem 
unwarranted. 


Robert R. Wolfe, Ph.D. 

John F. Burke, M.D. 
Department of Surgery 
Massachusetts General Hospital 
Boston, Massachusetts 
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February 23, 1978 
Dear Editor: 


We note that Drs. Wolfe and Burke agree that the 
bolus intravenous glucose tolerance test (IVGTT)is not 
a reliable index of glucose uptake and look forward to 
studying the results by which they have confirmed our 
own views. We must point out however that our opinion 
does not rest on the assumptions which they have as- 
cribed to us, but only on those stated in our papers. 
The intravenous glucose infusion test (IVGIT) was 
chosen primarily to provide a maximal stimulus for 
the biphasic secretion of insulin. 

We have already shown that the k value is inadequate 
as an index of glucose uptake since it is a rate-constant 
and not a rate. It must be qualified by the plasma glu- 
cose concentration at which it is measured, if used to 
indicate uptake. Additional objections are that the Sys- 
tem is not first-order in either mathematic or physio- 
logic terms.' We agree that despite many publications 
the concept of "glucose pools" has not yet been clari- 
fied and for this reason and because several tissues 
of different mass and insulin-sensitivity are involved in 
the removal of glucose from plasma, we have pre- 
ferred to deal only with disappearance from plasma, 
which is where our measurements are made. The IVGIT 
has been extensively studied?? and does have a sig- 
nificant advantage over the IVGTT in that equilibrium 
is achieved during infusion. The rate of that infusion 
can be directly controlled to achieve plasma glucose 
concentrations which are similar under different test 
conditions thus facilitating comparisons. Urine loss is 
small and does not characterise the test. No further as- 
sumptions are required to support our contention that up- 
take from the plasma is similar pre- and postoperatively. 

Finally, we should point out that our clinical recom- 
mendation is not based on the test, as Drs. Wolfe and 
Burke imply, but on observation of the long-term ef- 
fects of glucose on insulin secretion. This evidence 
was obtained by measurements in plasma under basal 
conditions. Although not dependent on the results of 
the IVGIT, such test results do, in fact, support both 
our hypothesis and recommendation. 


A. E. B. Giddings 

The Royal Infirmary, Bristol, England 

D. Mangnall 

Northern General Hospital, Sheffield, England 
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November 29, 1976 
Dear Editor: 


| was interested in the paper ‘‘Perforations and 
Foreign Bodies of the Rectum” by James Barone, Nor- 
man Sohn and Thomas Nealon (Ann Surg 1976; 184: 
601—604) because this problem is now more common 
than a few decades ago. 

The authors recommend suturing lacerations and 
complimentary transverse colostomy for perforations. 
I wondered if a completely diverting (double barrel) 
sigmoid colostomy with drainage of the Cul-de-Sac 
would be more appropriate. A sigmoid colostomy could 
avoid a long column of unprepared bowel proximal 
to the laceration and make care of the stoma simple. 
Drainage of the Cul-de-Sac may prevent prolonged 
morbidity in the event of suture line breakdown. 

A large foreign body creates negative suction proxi- 
mally and makes removal complicated. The careful in- 
sertion of a firm rubber catheter between the foreign 
body and wall of the bowel will help overcome this 
negative suction and make retreival of the foreign ob- 
ject easy. 

Occasionally, in our experience, we have noticed 
spontaneous evacuation of foreign body by enemas. 

| hope the authors will comment on the above 
observations. 

Salim D. Raza, M.D. 


September 25, 1978 
Dear Editor: 


In response to Dr. Raza's letter: if the individual 
surgeon does not feel that a loop colostomy is com- 
pletely diverting, 4 double barrel colostomy would, 
of course, suffice. As was mentioned in the paper, 
exteriorization of the injury would be the treatment of 
choice. It was also noted in the paper that most of 
the patients with perforation injuries had administered 
enemas to themselves prior to the insertion of the foreign 
body, so that the injuries occurred in the bowel which 
was mechanically prepared. If the injury occurred in 
a grossly contaminated setting, or there had been a 
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of Latarjet or of ischemic necrosis of the lesser curva- 
ture. Consideration of the anatomic descriptions of 
Latarjet,^ McCrea! and Mitchell would seem to 
indicate that myotomy of the lesser curvature from 
esophagogastric junction down to incisura, along the 
anterior and posterior walls of the stomach, should 
denervate the parietal cell mass. As vagal branches 
running along the anterior and posterior walls of the 
stomach are fused with the serosa separation of all 
the muscle layers is not necessary and division of the 
longitudinal and superficial circular muscle is adequate 
to produce wide separation of divided nerve endings. 

The pattern of secretory inhibition in response to 
pentagastrin produced by myotomy is similar to that 
after truncal vagotomy in the dog stimulated by gas- 
trin.” These workers showed that the secretory re- 
sponse to insulin in the dog is abolished by truncal 
vagotomy. In the dog with an intact stomach maximal 
pepsin response to pentagastrin occurred with a much 
smaller dose of pentagastrin than that required to pro- 
duce maximal acid secretion. After myotomy there was 
a minimal rise in pepsin secretion throughout which 
was much smaller than the rise which was described 
after truncal vagotomy’ the mechanism of the increased 
inhibition produced by myotomy is not apparent but 
may be due to decreased gastric fundic tone after 
myotomy. 

Stening and Grossman" studied the effect of partial 
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vagotomy carried out in the neck on insulin stimulated 
acid output in the dog and showed no reduction in 
response to maximal doses of insulin. Partial vagotomy 
at the lower esophageal level was shown to signif- 
icantly reduce the acid response to insulin hypoglyce- 
mia," and similar findings have been obtained in the 
partially vagotomised cat, ferret and rat.*!9?9? These 
findings indicated that the stomach does not respond 
in an ‘tall or none" fashion to vagal stimulation. 
Griffiths and Harkins’? performed ‘‘partial gastric 
vagotomy” in ten dogs thereby denervating only the 
acid—pepsin secretory area. In response to insulin three 
of ten dogs showed no free acid throughout the test, 
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the remaining seven secreted only small amounts and 
much less than was produced preoperatively. Amdrup 
and Griffiths! showed that this procedure caused no 
gastric stasis and preserved normal rhythmic gastric 
emptying. The same group of workers demonstrated 
segmental innervation of the stomach!’ from cardia 
down to antrum via vagal branches which segmentally 
run obliquely down the gastric walls. This work formed 
the basis of highly selective vagotomy which was first 
described without drainage in man in 1970.28 

Detailed acid and pepsin secretory studies before 
and at increasing periods, after highly selective vagot- 
omy in the dog have been performed by Hirschowitz 
and Hutchison."! Little secretory response to 2-deoxy- 
D-glucose occurred in the early postoperative period. 
Pentagastrin produced a shift of the dose response 
curve to the right with a reduction in the maximal secre- 
tion of acid with the passage of time; postoperatively 
secretion began to recover and from 16 months on 
stabilized at 60% H^ and 13-17% pepsin (preoper- 
ative = 100%). 

In man, in contrast to the dog, truncal vagotomy 
markedly reduces the maximal acid response to hista- 
mine® and to exogenous gastrin.? In duodenal ulcer 
subjects the level to which the vagal response recovers 
after highly selective vagotomy is lower than in the dog, 
10% as opposed to 60% and pepsin secretion in man 
may not be as greatly suppressed in the dog."! In addi- 
tion, the dog secretes more gastrin with a vagal stimulus 
after highly selective vagotomy than does man. 

This study would seem to indicate that lesser curve 
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superficial sero-myotomy eliminates the cephalic phase 
of gastric secretion. Innervation of the antrum, pylorus 
and duodenum is maintained and the vagotomy is con- 
fined to the parietal cell area of the stomach. This in- 
vestigation has formed the basis for a study in man. 
The operation is technically feasible in man, is easily 
performed and early clinical results are encouraging.?! 
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maximum oral potency 


The principal analgesic ingredient, oxy- 
codone, is a semisynthetic narcotic with 
multiple actions qualitatively similar to 
those of morphine. The analgesic effect 
of oxycodone begins within 10 to 15 min- 
utes after oral administration, peaks at 
45 minutes and persists for 3 to 6 hours. 
Acetaminophen, a non-narcotic analge- 
sic, complements the pain relief pro- 
vided by oxycodone. 


Summary of Prescribing Information 
Contraindications: Hypersensitivity to oxycodone or 
acetaminophen 


Warnings: Drug dependence: Oxycodone can pro- 
duce drug dependence of the morphine type and 
may be abused. Psychic dependence, physical 
dependence and tolerance may develop upon 
repeated administration, prescribe and administer 
with same caution appropriate to other oral narcotic- 
containing medications. Subject to the Federal Con- 
trolled Substances Act 

Usage in ambulatory patients: Caution patients that 
oxycodone may impair mental and/or physical abili- 
ties required for performance of potentially hazardous 
tasks such as driving a car or operating machinery 
Interaction with other Central Nervous System 
depressants: Patients receiving other narcotic anal- 
gesics, general anesthetics, phenothiazines, other 
tranquilizers, sedative-hypnotics or other CNS 
depressants (including alcohol) with TYLOX capsules 
may exhibit additive CNS depression. When such 
combined therapy is contemplated, the dose of one 
or both agents should be reduced 

Usage in pregnancy: Safe use not established 
Should not be used in pregnant women unless 
potential benefits outweigh possible hazards 

Usage in children: Should not be administered to 
children 


Precautions: Head injury and increased intracranial 
pressure: The respiratory depressant effects of nar- 
cotics and their capacity to elevate cerebrospinal fluid 
pressure may be markedly exaggerated in the pres- 
ence of head injury, other intracranial lesions or a 
pre-existing increase in intracranial pressure. Fur- 
thermore, narcotics produce adverse reactions which 
may obscure the clinical course of patients with head 
Injuries 

Acute abdominal conditions: TYLOX capsules or 
other narcotics may obscure the diagnosis or clinical 
course of acute abdominal conditions. 

Special risk patients: Administer with caution to cer- 
tain patients such as the elderly or debilitated, and 
those with severe impairment of hepatic or renal 
function, hypothyroidism, Addison's disease, and 
prostatic hypertrophy or urethral stricture 


Adverse Reactions: Mos! frequent: Lightheaded- 
ness, dizziness, sedation, nausea and vomiting; more 
prominent in ambulatory than non-ambulatory 
patients; some of these reactions may be alleviated if 
the patient lies down. Others: euphoria, dysphoria, 
constipation, skin rash and pruritus 


Dosage and Administration: Dosage should be 
adjusted according to severity of pain and response 
of the patient. It may occasionally be necessary to 
exceed the usual dosage recommended below in 
cases of more severe pain or in those patients who 
have become tolerant to the analgesic effect of nar- 
cotics. TYLOX capsules are given orally. Usual adult 
dose is one capsule every 6 hours as needed for 
pain 


Drug Interactions: CNS depressant effects may be 
additive with that of other CNS depressants. See 
Warnings 

Caution: Federal law prohibits dispensing without 
prescnption 

For information on symptoms/treatment of over- 
dosage, see full prescribing information 

Full directions for use should be read before adminis- 
tering or prescribing 


*Halpern LM. Bonica JJ: Analgesics, in Modell W (ed) 
Drugs of Choice 1978-1979. St Louis, CV Mosby, 1978, 
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An oxycodone analgesic 
combination without APC 


TYLOX 


CAPSULES 


oxycodone HCI* 4.5 mg, 
oxycodone terephthalate* 0.38 mg, 
acetaminophen 500 mg 





* Warning: May be habit forming. 


McNeil Laboratories, McNEILAB, Inc., Fort Washington, PA 19034 € McN 1980 
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Thanks to a CyberLith™ 
pacemaker Connie's life is 


back on track. 


FOR PATIENTS, LIKE CONNIE, WHO DON'T RESPOND 
TO DRUG THERAPY, A CYBERLITH CAN PROVIDE A 
NORMAL, ACTIVE LIFE. 


Less than four months after her pacemaker implant Connie 
Yanosick finished 98th out of 409 participants in an annual 
nationally sponsored 6.2 mile race. Connie is an active young 
woman. She is assistant coach of the women's basketball team at 
Mount Aloysius College in Cresson, Pennsylvania, where she is 
studving to be an occupational therapist assistant. She is also a 
resident advisor in her dormitory and treasurer of the school's 
Occupational Therapy Club. 


Like any college student, Connie enjoys visiting with her 
friends for late-night talk sessions. Classmates majoring in nursing 
frequently check Connie's pulse just to experience what they term 
the pacemaker "click-in." A member of an athletic family, twenty- 
year-old Connie still rough-houses with her siblings who don't 
consider her to be “fragile or different.” 


Obviously, Connie is a happy, healthy young woman. Her 
bradycardia is controlled by a CyberLith. Of course her personal 
lifestyle will change over the coming years. But the multi- 
programmable CyberLith will permit her physician to accommo- 
date her changing physical requirements. We feel very certain that 
Connie will experience a lot of living in the future. 


Connie’s CyberLith is just one model in the growing family 
of specialized CyberLith pacemakers. Thin and lightweight, 
CyberLith pacemakers permit noninvasive adjustment of stimula- 
tion rate, pulse width, sensitivity level and pacing mode. And, 
the CyberLith has a longer history of reliability than any other 
programmable multi-parameter pacemaker line. CyberLith 
put Connie back on track. It could be the pacemaker of choice 
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_ period of elapsed time between the injury and 
~ repair, drains could be placed at the discretion of 
the surgeon. 

The use of either a firm rubber catheter or an enema 
to aid in the removal of the foreign body is usually 
not necessary and may induce further injury to the 
already traumatized rectal mucosa. 


James E. Barone, M.D. 
36 Seventh Avenue 
New York, New York 10011 


September 22, 1978 
Dear Editor: 


We read with interest the article by Wang and Rieder, 
“A Density Test for the Intraoperative Differentiation 
of Parathyroid Hyperplasia from Neoplasia’ (Ann Surg 
1978: 187:47). We assent to the opinion stated by the 
authors that much of the disagreement over the manage- 
ment of patients with parathyroid disease stems from 
difficulties in the histopathologic characterization of 
the parathyroid glands. Hitherto it has not been possible 
to make an adequate differentiation on histologic 
grounds between normal and slightly hyperplastic 
glands and it has often been very difficult to distinguish 
between parathyroid adenomas and hyperplasias (that 
is when ‘‘adenoma criteria" —rim of normal parathy- 
roid tissue outside the adenoma and/or pronounced 
nuclear polymorphism —are lacking). 

Our interest in this field has led us to investigate 
new methods for histopathologic evaluation of the par- 
athyroid glands with the purpose of finding a method 
suitable for intraoperative diagnosis. Thus, we have 
used an image analyzing computer technique which 
accomplished a complete determination of the distribu- 
tion between parenchymal and fat cells in serial-sec- 
tioned parathyroid glands.' The cell distribution varied 
considerably and in most glands as many as 10 sections 
at different levels had to be examined to get a reliable 
ratio between the parenchymal and fat cell tissue. The 
results seriously question the validity of histopathologic 
examination of one or a few sections of the parathy- 
roid glands in evaluation of the parenchymal cell mass, 
as well as a diagnosis based on examination of partial 
glandular biopsies. This investigation emphasized the 
need for a more adequate method than conventional 
histology. 

In April, 1977 we published a preliminary report? 
on the use of density determinations in the characteri- 
zation of the parathyroid glands. Glandular density es- 
timated in density gradient columns was found to be 


well correlated to the parenchymal cell content. We 
have further developed this technique as the gradient 
liquids initially used showed osmotic properties that 
influenced the density measurements. Thus, to obtain 
adequate tissue densities it seems most important to 
use an iso-osmotic gradient media as otherwise there 
will be a drift in density with time. Percoll (an aqeous 
solution of polyvinylpyrrolidone coated silica) equili- 
brated with sodium chloride to 300 mOsm was found 
to be ideal? The density of the parathyroid glands 
measured with an adequate technique should therefore 
be a good indication of the parenchymal cell content 
and thereby the endocrine activity. However, to de- 
termine definitive criteria for differentiation between 
normal and hyperplastic glands we have to have a thor- 
ough knowledge of the parenchymal cell content of 
normal parathyroid glands. In order to establish these 
criteria we are at present measuring the parenchymal 
cell content of glands from a large autopsy material. 
Only when the analysis of this material is completed 
does it seem possible to use density determinations 
adequately in the histopathologic characterization of 
the parathyroid glands. 

However, when hyperosmotic media like Mannitol 
is used by Wang and Rieder in the Density Test, the 
estimated gland density may be too high because of 
dehydration of the tissues which effect obviously con- 
tributes to errors in measurements and diagnosis. 


Goran Åkerström 

Lars Grimelius 

Henry Johansson 
Department of Surgery 
University Hospital 
Uppsala, Sweden 
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November 3, 1978 
Dear Editor: 


We realize that with 25% mannitol solution, tissue 
dehydration is bound to take place. Surprisingly, how- 
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ever, we have found no cellular or subcellular altera- 
tion of the parathyroid cells by mannitol solution of 
this strength, either as examined by conventional mi- 
croscopy or as studied under electron microscopy. 

Granting that the 2596 mannitol solution would alter, 
not the histology, but the osmolality of the tissue, it 
would presumably affect both the normal as well as 
the diseased tissue to much the same degree. Thus, 
it seems likely that an increase in the density of one 
tissue as a result of dehydration will mean a comparable 
increase in that of the other and that the relative error 
in measurement by the Density Test will be inconse- 
quential. It appears, therefore, that the rapidity with 
which the test is completed and the relative stability 
of the tissue in these hyperosmotic solutions as demon- 
strated by microscopy, both attest to the minimal effect 
of hyperosmolality on the final evaluation of the density 
difference. It is this density difference — not the density 
itself —that establishes the validity of the test. 

Nonetheless, lately, we have used a mannitol solu- 
tion with lower hypertonicity. This solution is 16% in 
strength, with a specific gravity of about 1.049. At this 
level, we found that essentially all of the diseased par- 
athyroid tissues sank instantly. In contrast, the normal 
tissue remained afloat. 

We see no advantage in using the solution ‘‘Percoll’’ 
instead of mannitol, as proposed by the authors. Not 
only is mannitol solution readily available in every 
operating room, whereas Percoll is not, but it has 
unique properties, which are inoccuous toward the tis- 
sues. We will, of course, be interested in further studies 
on Percoll solution. 

Chiu-an Wang, M.D. 

Associate Clinical Professor of Surgery 
Harvard Medical School 

Boston, Massachusetts 


The following was submitted by the undersigned in 
response to a recent paper by Dr. Owen H. Wangensteen 
entitled ‘‘University Selection Criteria for Future Surgical 
Leaders’ which was published in ANNALS OF SURGERY. 
July 1978. 


Dear Editor: 


In the final analysis, success of a properly planned 
surgical procedure is dependent on manual skill. What- 
ever else they may be, successful surgeons, in their 
final act, are performing artists who literally are 
virtuosos comparable to artists in other fields. It is 
important to remember, therefore, that the discipline of 
surgery includes the concept of a craft and considerable 
exposure to master craftsmen. We disagree, therefore, 
with those who have suggested that acquisition of 
technical skill should not necessarily be a prime con- 
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cern of surgical educators. Dr. Oscar Creech must 
had similar thoughts when he stated, “It is often s 
that anybody can be taught to operate; I often wonder 
why, then, so many surgeons never seem to learn." 

Perhaps, "so many surgeons never seem to learn" 
because of a recently expressed attitude that it is not 
necessary for surgeons to operate skillfully and that the 
ability to operate well should not be an important con- 
sideration in the evaluation of a candidate to lead a 
surgical program.? Although opinions may vary be- 
tween selection committees, it is not likely that patients 
vary in their opinions about the desirability of 
Surgical educators to be performing artists as well as 
scholars. 

This is not to say that a surgeon who was once an 
accomplished artist cannot retire from the operating 
room and continue to be an effective teacher. A 
surgeon who never acquired artistic skill, however. 
should not operate under the guise of an academic title 
or an administrative post. Every surgeon realizes how 
difficult it is to accept or teach a procedure which the 
teacher is unable to perform. Residents do not hide 
disappointment when forced to work with manually 
inept teachers. 

Surgery, similar to other performing arts, is mastered 
only after long and arduous practice, much of which 
must be conducted in the operating room. Some skills 
can be perfected on models and other manual skills can 
be learned in the experimental laboratory under appro- 
priate conditions. Unfortunately, however, appro- 
priate laboratory conditions have become prohibitively 
expensive and the problem of providing top flight super- 
vision has made a previously valuable exercise almost 
impossible in most institutions. Operative skills are not 
achieved automatically by "sending a resident to the 
animal laboratory.” In fact, sending a resident to the 
animal laboratory almost predictably results in the 
development and practice of bad techniques unless 
adequate supervision and standard operating room 
conditions exist. 

The authors are concerned that in some surgery 
programs emphasis is not placed on acquisition of 
technical skill. We have each accepted highly recom- 
mended residents for advanced cardiac or plastic 
surgery training only to find that they simply had not 
learned to ‘‘cut and sew" skillfully during general 
surgical training. Such residents must be taught basic 
operative skills before they are ready to undertake 
demanding procedures such as microvascular anas- 
tomoses. It is our thesis that lack of manual skill 
usually reflects a lack of interest by leaders of surgical 
programs in emphasizing and in teaching technical 
manipulation. At times, an uncoordinated or inept 
resident, rather than being guided into other fields, may 


Vol. 191 e No. 3 


be advanced in a surgical program until he acquires 
a life-time license as a mediocre performer. 

A curriculum in a good university which develops 
surgeons comparable to the development of students 
in other performing arts justifies inclusion of surgical 
sciences in a university education. A brilliant student 
at the end of a university program in surgical sciences 
should meet the academic standards of the university; 
at the same time, he should perform in the operating 
theatre as a graduate student in music might perform 
on the concert stage. Production of knowledgeable 
and manually dexterous surgeons can provide enor- 
mous gratification for a university faculty. 

If such a goal is preeminent in university programs, 
the question, ‘‘but can he operate?" will not be raised 
by a reasonable search committee seeking a new 
departmental chairman in surgery. There simply will 
be no candidates who perform in the operating theatre 
like Jack Benny appeared to play the violin. 

Watts R. Webb, M.D. 

Erle E. Peacock, Jr., M.D. 
Department of Surgery 

Tulane University School of Medicine 
New Orleans, Louisiana 
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February 5, 1979 
Dear Editor: 


This surgeon was very pleasantly surprised by the 
warmth of reception of his paper, entitled ‘‘ University 
Selection Criteria for Future Surgical Leaders,” at the 
hands of the Halsted Surgical Society November 4, 
1977. Soon after its appearance in print in July 1978, its 
author was deluged by embarrassing letters of praise 
from many surgical educators. A surgical chairman of 
an Ivy League Medical School wrote he was providing 
all his residents and surgical staff with copies thereof. 
Later, another surgical chairman of a large department, 
who, too, obviously agreed with the tenor of the 
presentation, wrote he was "distributing 350 copies to 
his surgical residents and his full-time staff. 

A virtuoso Jan Paderewski or Fritz Kreisler or two of 
the scalpel, this surgeon freely conceded "'is a lucky 
acquisition for any university surgical clinic.” If, how- 
ever, superb operative skill is his predominant talent 
and qualification for the Headship of a university 
surgical department, unmatched by a similar zeal for 
active participation in scientific research and great 
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enthusiasm for teaching, in this surgeon's view the 
Dean and his Search Committee would be well advised 
to have a hard second look for a candidate more likely 
to fulfill the hopes of the School to build a strong 
department. 

Virtuosos of the scalpel fall into two categories: 
Those who leave their operative participants and 
student spectators with the feeling that only they 
could have performed the difficult operation, under 
view, with such a display of expertise; and talented 
surgeons of recognized skill who lend their operating 
suite audience the impression that any competent and 
well-trained surgeon could have done as well. E. Starr 
Judd (1875-1935), an extremely versatile and dextrous 
surgeon, visiting surgeons of that period loved to wit- 
ness in action. Richard Varco, a very facile surgeon, 
among current Minnesota trainees, is also of that mold. 

The surgeon who emerged from the Minnesota train- 
ing program whom this surgeon came to admire most 
was C. Walton Lillehei, one of the great surgical 
innovators of this century. He probably lent greater 
impetus to the application of John Gibbon's innovation 
of cardiopulmonary bypass with an oxygenator than 
any surgeon of his time. Innovation in such a com- 
plicated area of operation is certainly no easy task. 
When something went wrong in an operation, Walton 
accepted all the blame. His operating room was 
immediately adjacent to my office and it was often my 
privilege in the 1950s to escort distinguished visitors 
from afar to observe Lillehei at work. On one such an 
occasion, the surgical resident in dividing the sternum 
from its manubrium through the xyphoid process had 
passed the two twisted wires of the Gigli saw beneath 
the epicardum and the right coronary artery. Lillehei 
entered the operation, resutured the divided coronary 
artery and completed the operation as projected. A 
few hours later, I inquired concerning the competence 
of the resident. Said Walton, ‘‘He is learning, too.” 
During all those strenuous years, never once did I hear 
Lillehei raise his voice or speak an unkind or ugly word 
to any operating room participant. What an enviable 
achievement! Is it any wonder he was revered by all 
his immediate associates? 

The fundamental item at issue here is how shall 
today's surgical academicians be trained? The authors 
of this critique lend strong emphasis to enlarging and 
improving the clinical aspects of surgical training 
programs. This surgeon for long years has been an 
ardent proponent of the experimental laboratory ap- 
proach. Twice in post- World War II years, our training 
program was challenged by Visiting Appraisal Com- 
mittees from the NIH. The first was chaired by 
Oscar Creech, named in this critique. Said he to his 
Committee, which discussion I was permitted to over- 
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hear: ''Owen's operation is reminiscent of a tunnel: 
the trainees pour in at one end; what they do within the 
tunnel we do not know, but we see them emerge at the 
other end well-qualified and talented surgeons. I urge 
that our Committee approve his Program." This 
occurrence affirms Oscar's wisdom alluded to in this 
critique and also his unusual tolerance so necessary 
among medical educators. 

The second confrontation came in the mid-1960s bya 
Visiting Committee of three, all friends of mine. On 
this occasion, there was no terminal discussion with the 
program's director. Late the next day, a telephone call 
came through from Ben Eiseman in Washington. Prior 
to reporting to a hospital commitment at Saigon, he had 
visited the NIH, protesting the decision of the Visiting 
Committee to decline Minnesota's request for renewal 
of its training program, and with complete success, an 
occurrence that greatly enhanced this surgeon's 
respect and admiration for an independent thinker. It 
would be a very serious mistake, I believe, to have all 
academic surgical training programs conform to a single 
architectural standard or pattern. 

There is no quarrel with the authors' suggestion that 
all patients undergoing surgery are entitled to be 
operated on by the finest operating surgeon available. 
But who is he? Is he the brilliant operator of obvious 
finesse who impresses all participants and spectators? 
I submit there is another even more important con- 
sideration in this adjudication: the results of operation, 
measured by a complication-free convalescence, low 
morbidity, the lowest achievable mortality, and the 
best possible restoration of function. Many an 
unostentatious surgeon on this scale competes very 
favorably with the finest surgical technicians. 

The authors of *‘Surgery—A Performing Art" very 
appropriately allude to the increasing problems of 
supporting an active and productive experimental 
research laboratory —a difficulty that can certainly 
readily be overcome in today's university hospitals 
where the majority of hospital beds are occupied by 
private patients. At Minnesota this surgeon found that 
omitting submitting surgical fees to affluent patients 
paid off handsomely for the Department, its Medical 
School and the University. 

When Oscar Creech salvaged Minnesota's surgical 
training program in the late 1950s, he unquestionably 
had in mind some of its trainees who left durable 
evidence of their impress on the academic scene, many 
names known to surgeons and surgery everywhere. | 
shall enumerate only a few whose primary surgical 
training was in the experimental research laboratory, 
all of whom became talented clinical operating 
surgeons: Dennis, Varco, the two Lilleheis, French, 
Peltier, Merendino, Lewis, State, Friesen, MacLean, 
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Ferguson, Campbell, Cross, Egdahl, Humphrey, Gott, 
G. Moore, Aust, Shumway, Barnard, Griffen, Salmon. 
Castaneda and many others, all superb operating 
surgeons. It was the department's policy not *'to send 
residents to the animal laboratory." They begged to go, 
appreciating that this was the most effective manner in 
which to test ideas that led to recognition in the surgical 
academic arena. In this program, this surgeon was only 
the water-boy and side-line cheer leader, who was 
privileged to observe the development of many talented 
surgeons who outstripped their mentor. Is that not the 
finest privilege and accomplishment of the teacher? 

When the Department Head succeeds in establish- 
ing an environmental atmosphere friendly to learning 
by applying the spur of encouragement to the efforts of 
his trainees, the success of the professor's program is 
assured, enabling him to develop whatever type of 
surgeon he elects to bring forth into the academic or 
community surgical arenas. 

The words of Cushing (1906) concerning the impor- 
tance of exposure to the climate of the research labora- 
tories deserve the serious attention of all surgical 
academicians. 

It is to be recalled that one of our contemporaries 
and one of the greatest surgeons of this century, Alfred 
Blalock, was denied an opportunity to join the Halsted 
training program at The Hopkins under Dean Lewis. 
He acquired at Vanderbilt University at Nashville an 
experience in surgical research that enabled him to 
become in 1941 the brilliant successor that more than 
restored the image of Halsted on The Hopkins scene. 
Had his wish to join the program been fulfilled, he might 
very well have become an extremely versatile general 
surgeon, the fate of most of Halsted's trainees. His long 
years of training in the experimental research labora- 
tories was at the very basis of his great and innovative 
career. 

This surgeon's paper, *'University Selection Criteria 
for Future Surgical Leaders,” began and closed with an 
allusion to William Henry Welch, America’s finest 
Medical Educator, who shared with Daniel Coit 
Gilman, Hopkins' President, the belief that the power 
of appointment is the university's most precious 
possession. Both mandated from their departmental 
leaders ‘ʻa strong interest in research and a manifest 
willingness to share opportunity freely with colleagues 
and trainees," certainly still the finest directive and 
advice for University Search Committees in the selec- 
tion of their future surgical leaders. 

Owen H. Wangensteen, M.D. 
Regents' Professor Emeritus 
Department of Surgery 
University of Minnesota 
Minneapolis, Minnesota 
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Let the healing begin 
in pain-free comfort 


Marcaine nydrochioride 


bupivacaine hydrochloride 


with or without epinephrine 1:200.000 
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Indications: Peripheral nerve block, infiltration, sym- 
pathetic block, caudal, or epidural block. 


Contraindication: Marcaine is contraindicated in 
patients with known hypersensitivity to it. 


Warnings: RESUSCITATIVE EQUIPMENT AND 
DRUGS SHOULD BE READILY AVAILABLE WHEN 
ANY LOCAL ANESTHETIC IS USED. 


Usage in Pregnancy. Reproduction studies have been 
performed in rats and rabbits and there is no evidence 
of harm to the animal fetus. The relevance to the 
human is not known. Safe use in pregnant women 
other than those in labor has not been established. 


Until further clinical experience is gained, paracervical 
block with Marcaine is not recommended. Fetal brady- 
cardia frequently follows paracervical block with some 
amide-type local anesthetics and may be associated 
with fetal acidosis. Added risk appears to be present 
in prematurity, toxemia of pregnancy, and feta distress. 


The obstetrician is warned that severe persistent hy- 
pertension may occur after administration of certain 
oxytocic drugs, if vasopressors have already been 
used during labor (e.g., in the local anesthetic solution 
or to correct hypotension). 


Solutions containing a vasoconstrictor, particularly 
epinephrine or norepinephrine, should be used with 
extreme caution in patients receiving monoamine oxi- 
dase (MAO) inhibitors or antidepressants of the 
triptyline or imipramine types, because severe, pro- 
longed hypertension may result. 


Local anesthetics which contain preservatives, i.e., 
those supplied in multiple dose vials, should not be 
used for caudal or epidural anesthesia. 


Until further experience is gained in children younger 
than 12 years, administration of Marcaine in this age 
group is not recommended. 


Precautions: The safety and effectiveness of local 
anesthetics depend upon proper dosage, correct tech- 
nique, adequate precautions, and readiness for 
emergencies. 


The lowest dosage that gives effective anesthesia 
should be used in order to avoid high plasma levels 
and serious systemic side effects. Injection of re- 
peated doses of Marcaine may cause significant in- 
crease in blood levels with each additional dose, due 
to accumulation of the drug or its metabolites or due 
to slow metabolic degradation. Tolerance varies with 
the status of the patient. Debilitated, elderly patients 
and acutely ill patients should be given reduced doses 
commensurate with age and physical conditicn. 


Solutions containing a vasoconstrictor should be used 
cautiously in areas with limited blood supply, in the 
presence of diseases that may adversely affect the 
patient's cardiovascular system, or in patients with 
peripheral vascular disease. 


Marcaine should be used cautiously in persons with 
known drug allergies or sensitivities, particularly to 
the amide-type local anesthetics. 


Serious dose-related cardiac arrhythmias may occur 
if preparations containing a vasoconstrictor such as 
epinephrine are employed in patients during or follow- 
ing the administration of chloroform, halothane, cyclo- 
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propane, trichloroethylene, or other related agents. In 
deciding whether to use these products concurrently 
inthe same patient, the combined action of both agents 
upon the myocardium, the concentration and volume 
of vasoconstrictor used, and the time since injection, 
when applicable, should be taken into account. 


Caution is advised in administration of repeat doses 
of Marcaine to patients with severe liver disease. 


Adverse Reactions: Reactions to Marcaine are char- 
acteristic of those associated with other amide-type 
local anesthetics. A major cause of adverse reactions 
to this group of drugs is excessive plasma levels, 
which may be due to overdosage, inadvertent intra- 
vascular injection, or slow metabolic degradation. 


Excessive plasma levels of the amide-type local anes- 
thetics cause systemic reactions involving the central 
nervous system and the cardiovascular system. The 
central nervous system effects are characterized by 
excitation or depression. The first manifestation may 
be nervousness, dizziness, blurred vision, or tremors, 
followed by drowsiness, convulsions, unconscious- 
ness, and possibly respiratory arrest. Since excitement 
may be transient or absent, the first manifestation may 
be drowsiness, sometimes merging into unconscious- 
ness and respiratory arrest. Other central nervous 
system effects may be nausea, vomiting, chills, con- 
striction of the pupils, or tinnitus. The cardiovascular 
manifestations of excessive plasma levels may include 
depression of the myocardium, blood pressure 
changes (usually hypotension), and cardiac arrest. In 
Obstetrics, cases of fetal bradycardia have occurred 
(see Warnings). 


Allergic reactions, which may be due to hypersensi- 
tivity, idiosyncrasy, or diminished tolerance, are char- 
acterized by cutaneous lesions (e.g., urticaria), edema, 
and other manifestations of allergy. Detection of sen- 
Sitivity by skin testing is of doubtful value. 


Reactions following epidural or caudal anesthesia 
also may include: high or total spinal block; urinary 
retention; fecal incontinence; loss of perineal sen- 
sation and sexual function; persistent analgesia, 
paresthesia, and paralysis of the lower extremities; 
headache and backache; and slowing of labor and 
increased incidence of forceps delivery. 


Treatment of Reactions. Toxic effects of local anes- 
thetics require symptomatic treatment; there is no 
specific cure. The physician should be prepared to 
maintain an airway and to support ventilation with 
oxygen and assisted or controlled respiration as re- 
quired. Supportive treatment of the cardiovascular 
system includes intravenous fluids and, when appro- 
priate, vasopressors (preferably those that stimulate 
the myocardium). Convulsions may be controlled with 
oxygen and intravenous administration, in small incre- 
ments, of a barbiturate, as follows: preferably, an 
ultrashort-acting barbiturate such as thiopental or thi- 
amylal; if this is not available, a short-acting barbiturate 
(e.g., secobarbital or pentobarbital) or diazepam. Intra- 
venous barbiturates or anticonvulsant agents should 
only be administered by those familiar with their use. 


References: 

1. Moore DC, Bridenbaugh LD, Thompson GE: Bupiv- 
acaine hydrochloride: a summary of investigational 
use in 3,274 cases. Anesth Analg 50: 856-872, 1971. 


2. Moore DC, Bridenbaugh LD, Thompson GE, et al: 
Bupivacaine: a review of 11,080 cases. Anesth Analg 
57:42-53, 1978. 

-BREON BREON LABORATORIES, INC. 

90 Park Avenue, New York, N.Y. 10016 















FORMULA 
SINGLE DOSE AMPUL 

60% Edetate | Sodium Thio- Ascorbic 60% Edetate 
Sodium Calcium | Bisulfite glycerol ^ Acid Sodium Calcium 
Lactate Disodium Lactate Disodium 
ml./ml. mg./ml.| mg./ml.  ml/ml. mg./ml. ml./ml. mg./ml. 

5 .001 2 0017 0.1 

5 00 2 0017 01 

5 .001 2 0017 0.1 


Note: The pH of these solutions is adjusted with sodium hydroxide or hydrochloric acid. Sodium chloride has been added to make each solution isotonic. 


*Solutions of Marcaine that contain epinephrine should not be autoclaved. 


Federal law prohibits dispensing without a prescription. 


Let the healing begin 
in pain-free comfort 


Of all commonly used local anesthetics, 
Marcaine® defers pain for so long, 
there's significantly less need 

for postoperative analgesics. '? 


Marcaine hydrochloride 


z B is 
bupivacaine hydrochloride 
with or without epinephrine 1:200,000 
See adjacent page for prescribing information. 
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an aerobic/anaerobic spectrum‘ 


that includes 
Bacteroides fragilis 


* Active against most aerobic pathogens gram-negative 
as well as gram-positive 
* Active against most anaerobic pathogens — including 
B. fragilis 
* Active against most #-lactamase-producing strains tha 
destroy the activity of many cephalosporins and penicillins 
Not active against most strains of Pseudomonas aer uginosa 
and enterococci (e.g., Streptococcus faecalis) and many 
strains of Enterobacter cloacae. Methiciltn-resistant Staphy 
lOCOCCI are almost uniformly resistant to MEFOXIN*" ( Cefoxitin 
Sodium, MSD) 


Copyright © 1979 by Merck & Co., Inc 





efficacy in a wide range 
of infections' caused by 
single or multiple pathogens 


* Effective in a wide range of infections*— such as 
peritonitis 
intra-abdominal abscess 
skin and skin-structure infections 


* due to susceptible strains of indicated bacteria at indicated sites 

t In vitro activity does not necessarily imply in vivo effectiveness. 

DMEFOXIN is often referred to as a cephamycin in the scientific 
literature 





Mefoxin . 
. Cefoxitin Sodium MSD) 


WALS. containing 1 gram and 2 grams cefoxitin equivalent 


unique 


* profile of: 
spectrum 

e efficacy 

safety 





A SIMPLE AND FAMILIAR DOSAGE REGIMEN 


salety 


comparable 
to cephalothin 


Generally well tolerated, the most common adverse reaction 
being local reactions following IV or IM injection. Contra- 
indicated in patients who have shown hypersensitivity to cefox 
itin and the cephalosporin group of antibiotics. Give with 


l ; Frequency and 
Type of Infection Route 


ncomplicated forms* of infections 
is pneumonia, urinary tract 
ction. cutaneous infection 


Moderately severe or severe 1 gram every 
fections 6-8 grams |4 hours or 2 grams 
every 6-8 hours IV 


caution to penicillin-sensitive patients. Antibiotics should be - 
administered with caution to any patient who has demon- ee e herHcosdale t cae sane BE sk Pea qo PR 
strated some form of allergy, particularly to drugs. If an allergic gangrene) i aie | every 6 hours IV 
reaction to cefoxitin occurs, discontinue the drug. Serious 
hypersensitivity reactions may require epinephrine and other 
emergency measures Use of the drug in women ofc hild- For full details on dosaae. see Prescribing Information 


bearing potential requires that the an ticipated benefit be " . ; — ; 
weighed against the possible risk. Mum strains of indicated bacteria at M es D 


INS commonly needing anti 





luding patients in whom bacteremia IS absent or unlikely 





For a brief summary of prescribing information, please 
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eioxin 
(Cefoxitin Sodium MSD) 


Indications: Treatment of serious infections caused by susceptible strains of the 
designated microorganisms in the following diseases: 
LOWER RESPIRATORY TRACT INFECTIONS, including pneumonia and lung 
abscess, caused by Streptococcus pneumoniae ( formerly Diplococcus pneumo- 
niae), other streptococci (excluding enterococci, e.g., Strep. faecalis), Staphylo- 
coccus aureus (penicillinase and non-penicillinase producing), Escherichia coli, 
Klebsiella species, Hemophilus influenzae, and Bacteroides species. 
GENITOURINARY INFECTIONS. Urinary tract infections caused by E. coli, Kleb- 
siella species, Proteus mirabilis, indole-positive Proteus (i.e. P morganii, P 
rettgeri, and P. vulgaris), and Providencia species. Uncomplicated gonorrhea due 
to N. gonorrhoeae. 
INTRA-ABDOMINAL INFECTIONS, including peritonitis and intra-abdominal 
abscess, caused by E. coli, Klebsiella species, Bacteroides species including the 
B. fragilis group,t and Clostridium species. 
GYNECOLOGICAL INFECTIONS, including endometritis, pelvic cellulitis, and pelvic 
inflammatory disease, caused by E. coli, N. gonorrhoeae, Bacteroides species 
including the B. fragilis group,+ Clostridium species, Peptococcus species, 
Peptostreptococcus species, and group B streptococci. 
SEPTICEMIA caused by Strep. pneumoniae (formerly D. pneumoniae), Staph. 
aureus (penicillinase and non-penicillinase producing), E. coli, Klebsiella species, 
and Bacteroides species including the B. fragilis group. 
BONE AND JOINT INFECTIONS caused by Staph. aureus (penicillinase and non- 
penicillinase hr 
SKIN AND SKIN STRUCTURE INFECTIONS caused by Staph. aureus (penicillinase 
and non-penicillinase producing), Staph. epidermidis, streptococci (excluding 
enterococci, e.g., Strep. faecalis), E. coli, P. mirabilis, Klebsiella species, Bacte- 
roides species including the B. fragilis group, + Clostridium species, Peptococcus 
species, and Peptostreptococcus species. 
Although appropriate culture and susceptibility studies should be performed, ther- 
apy may be started while awaiting these results. Cefoxitin is not active in vitro 
against most strains of Pseudomonas aeruginosa and enterococci (e.g.. Strep. 
faecalis) and many strains of Enterobacter cloacae. Methicillin-resistant staphylo- 
cocci are almost uniformly resistant to cefoxitin. 
Contraindications: Previous hypersensitivity to cefoxitin and the cephalosporin 
group of antibiotics. 
Warnings: BEFORE THERAPY IS INSTITUTED, CAREFUL INQUIRY SHOULD BE 
MADE TO DETERMINE PREVIOUS HYPERSENSITIVITY REACTIONS TO CEFOX- 
ITIN, CEPHALOSPORINS, PENICILLINS, OR OTHER DRUGS. GIVE WITH 
CAUTION TO PENICILLIN-SENSITIVE PATIENTS. ANTIBIOTICS SHOULD 3E 
ADMINISTERED WITH CAUTION TO ANY PATIENT WHO HAS DEMONSTRATED 
SOME FORM OF ALLERGY, PARTICULARLY TO DRUGS. IF AN ALLERGIC REAC- 
TION TO CEFOXITIN OCCURS, DISCONTINUE THE DRUG. SERIOUS HYPERSEN- 
E REPE NS MAY REQUIRE EPINEPHRINE AND OTHER EMERGENCY 
ASURES. 
Precautions: The total daily dose should be reduced in patients with transient or 
persistent reduction of urinary output due to renal insufficiency because high and 
prolonged serum antibiotic concentrations can occur in such individuals from usual 
doses. As with other antibiotics, prolonged use may result in overgrowth of 
nonsusceptible organisms; repeated evaluation of the patient's condition is essen- 
tial. If superinfection occurs, take appropriate measures. Increased nephrotoxicity 
has been reported following concomitant administration of cephalosporins and 
aminoglycoside antibiotics. 
Interference with Laboratory Tests — As with cephalothin, high concentrations 
( 100 mcg/ml) may interfere with measurement of serum and urine creatinine 
levels by the Jaffé reaction and produce false increases of modest degree in creati- 
nine levels reported; serum samples should not be analyzed for creatinine if with- 
drawn within 2 hours of cefoxitin administration. A false-positive reaction for 
glucose in urine has been observed with CLINITEST® reagent tablets. 
Pregnancy — In women of childbearing potential, weigh anticipated benefit against 
possible risks. 
Nursing Mothers — Cefoxitin is excreted in human milk in low concentrations. 
Infants and Children — Safety and efficacy in infants from birth to three months 
have not yet been established. In children three months and older. higher doses 
have been associated with increased incidence of eosinophilia and elevated SGOT. 
Adverse Reactions: The most common adverse reactions have been local reactions 
following intravenous or intramuscular injection. Other adverse reactions have been 
encountered infrequently. Local Reactions — Thrombophlebitis with intravenous 
administration; pain, induration, and tenderness after intramuscular injections. 
Allergic Reactions — Rash, pruritus, eosinophilia, fever, and other allergic reac- 
tions. Gastrointestinal — Nausea, vomiting, and diarrhea. Blood — Transient eosin- 
ophilia, leukopenia, neutropenia, and hemolytic anemia; a positive direct Coombs 
test may develop in some individuals, especially those with azotemia. Liver Func- 
tion — Transient elevations in SGOT, SGPT, serum LDH, and serum alkaline phos- 
phatase. Renal Function — Elevations in serum creatinine and/or blood urea 
nitrogen levels. 
Note: In group A beta-hemolytic streptococcal infections, therapy should be main- 
tained for at least 10 days to guard against the risk of rheumatic fever or glomeru- 
lonephritis. In staphylococcal and other infections involving a collection cf pus, 
surgical drainage should be carried out where indicated. Intramuscular injections 
should be well within the body of a relatively large muscle such as the upper outer 
quadrant of the buttock (i.e., gluteus maximus); aspiration is necessary to avoid 
inadvertent injection into a blood vessel. The total daily dosage in infants and chil- 
dren should not exceed 12 grams. 
How Supplied: Sterile cefoxitin sodium in vials and infusion bottles containing 
1 gram or 2 grams cefoxitin equivalent. 
For more detailed information, consult your MSD representative or see full 
prescribing information. Merck Sharp & Dohme, Division of Merck & Co., Inc.. 
West Point, PA 19486 MSD 
$B. fragilis, B. distasonis, B. ovatus, B. thetaiotaomicron. B vulgatus iw ow 


^ Registered trademark of Ames Company. Division of Miles Laboratories, Inc. 
J9MF14R(108) SHANA 
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PRESERVE and PROTECT 
YOUR COPIES OF 
ANNALS of SURGERY 


Now, your journals can become a hand- 
some addition to your professional library. 


These file boxes are designed and cus- 
tom-made to keep your copies orderly, 
readily accessible and clean. 


Durable book-binder's board covered 
with scuff-resistant, washable Leathertex. 
Lettering embossed in 23-Karat gold leaf. 


Jesse Jones Box Corp. (since 1843) 
Dep't. JBLA—Phila., Pa. 19141 


Gentlemen: Kindly send me: 

Reasonably priced, too. Only $4.95 ea. O 
3 for $14.00 0 6 for $24.00 O 

Add $1.00 postage per file for orders outside the U.S. 


[] Check enclosed (Make check payable to: 
Jesse Jones Box Corp., Box 5120, Phila., Pa. 
19141) 


Name 


Address M 
City/State/Zip —— 


Shipped postpaid U.S. only. Satisfaction unconditionally 
guaranteed or your money back. 
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FERGUSON'S SURGERY 


OF THE AMBULATORY PATIENT 
Edited by Mark W. Wolcott, M.D. 


Here is the fifth edition of a clinically oriented volume 
providing a clear "how to do it" approach covering 
most of the simpler conditions of the skin, bones, 
joints, and bursa in a succinct, easy-to-follow style. 

For this revision the material on fracture and on soft 
tissue is consolidated, making reference to this infor- 
mation much easier. New chapters include 
Cryosurgery, and Shunts and Fistulas for 
Hemodialysis. Ambulatory Gynecology is a new sub- 
ject to this edition, and the chapter on Snake Bite and 


This work, a contribution of recognized authorities 
writing from their own surgical experience, is a classic 
blend of basic scientific knowledge and advanced 
surgical techniques. Chapters range from Hyperlipo- 
proteinaemia and Vascular Disease to Micro Vascular 
Surgery. 

Full attention is given to anatomy and physiology, 
etiology, pathology, signs and symptoms, laboratory 
tests and such sophisticated modalities as u/trasound 
flow detectors, angiography, phlebography, differen- 


PERIPHERAL VASCULAR SURGERY 


Edited by Martin Birnstingl, M.D., F.R.C.S. 





Lippincott 


J. B. LIPPINCOTT COMPANY 
East Washington Square 


Insect Bites is totally rewritten.and enlarged. 

This popular volume has served as a guide to the 

doctor in the subject of "minor surgery" for more than 

thirty years. 

Surgery, Gynecology and Obstetrics said of the previ- 

ous edition: "This book covers the field . . . admirably, 

and it is an invaluable work for every surgeon who 

treats patients in his office." 

554 pages / 408 illustrations / 5th Edition, 1974 
Flexible binding, $27.00 








tial diagnosis, treatment and prognosis. 
The authors provide critical assessment of long-term 
results of arterial reconstruction in various anatomical 
situations, based on their appreciation of current vas- 
cular surgery. 

"...8 pleasure to read. It is of particular value to the 
surgeon interested in vascular disease, but it is also an 
excellent review book for all interested in newer trends 
in vascular surgery. —The Lancet. 

447 pages / 143 illustrations / 1973 / $21.00 






Philadelphia, Pa. 19105 
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Please send me: 


O FERGUSON'S SURGERY OF THE AMBULATORY PATIENT 
O PERIPHERAL VASCULAR SURGERY .............. 


Name 
Address 
City RI ets 7 State 


O Payment enclosed 
(Save postage & handling) 


Zip 


O Charge and bill me 


Also available at your medical bookstore 


AS-3/80 | 


Injectable 


Valium LM. 


diazepam) 


PRESURGICALLY 


effective anxiolytic 
action plus proven 
skeletal muscle relaxation 


O Deep administration into muscle one 
hour before surgery provides prompt 
therapeutic response 


O Reduction of — and the somatic- 
muscular symptoms which frequently 
accompany anxiety generally results in a 
patient better prepared for anesthesia 


C Relief of skeletal muscle spasm in 
adjunctive use may be especially valuable 
in the presurgical trauma patient 





POSTSURGICALLY 


adjunctive benefits 
when pain is a 
complicating factor 


O Effective skeletal muscle relaxant — 
Used adjunctively, relieves the skeletal 
muscle spasm that may aggravate pain 
and interfere with recovery 


O Effective anxiolytic— 
Especially important since high levels of 
anxiety often intensify the experience of pain 


[J Narcotic analgesic dosage can and 

should be reduced — 

When used with narcotic analgesics, 

reduce narcotic dosage at least 1/3 and 
administer in small increments; in some cases, 
use of a narcotic may not be necessary 


diazepam) @ 


Awide range of benefits 
in one effective agent 


Please see summary of product information on following page. 





Injectable 


Valium. 


L1 promptly controls anxiety/ 
tension before and after surgery 


L1 diminishes pain-related anxiety 


(diazepam) W 


can help the surgical patient 
every step of the way 


Please consult complete product information, a 
summary of which follows: 

Indications: Tension and anxiety states; somatic 
complaints which are concomitants of emotional 
factors; psychoneurotic states manifested by ten- 
sion, anxiety, apprehension, fatigue, depressive 
symptoms or agitation; symptomatic relief of 
acute agitation, tremor, impending or acute de- 
lirium tremens and hallucinosis due to acute 
alcohol withdrawal; adjunctively in: relief of 
skeletal muscle spasm due to reflex spasm to 
local pathology; spasticity caused by upper motor 
neuron disorders; athetosis; stiff-man syndrome; 
tetanus; status epilepticus, severe recurrent sei- 
zures; adjunctively in anxiety, tension or acute 
stress reactions prior to endoscopic/surgical pro- 
cedures; cardioversion. 

Contraindications: Hypersensitivity; acute narrow 
angle glaucoma; may be used in patients with 
open angle glaucoma receiving appropriate 
therapy. 

Warnings: 7o reduce the possibility of venous 
thrombosis, phlebitis, local irritation, swelling, 
and, rarely, vascular impairment when used l.V.: 
inject slowly, taking at least one minute for each 5 
mg (1 ml) given; do not use small veins, i.e., dor- 
sum of hand or wrist; use extreme care to avoid 
intra-arterial administration or extravasation. Do 
not mix or dilute Valium with other solutions or 
drugs in syringe or infusion flask. If it is not feasi- 
ble to administer Valium directly I.V., it may be 
injected slowly through the infusion tubing as 
close as possible to the vein insertion. 

Administer with extreme care to elderly, very ill, 
those with limited pulmonary reserve because of 
possibility of apnea and/or cardiac arrest; con- 
comitant use of barbiturates, alcohol or other 
CNS depressants increases depression with in- 
creased risk of apnea; have resuscitative facilities 
available. When used with narcotic analgesic, 
eliminate or reduce narcotic dosage at least 1/5, 
administer in small increments. Should not be 
administered to patients in shock, coma, acute 
alcoholic intoxication with depression of vital 
signs. As with most CNS-acting drugs, caution 
against hazardous occupations requiring com- 
plete mental alertness (e.g., operating machinery, 
driving). 

Has precipitated tonic status epilepticus in pa- 
tients treated for petit mal status or petit mal var- 
iant status. 

Withdrawal symptoms (similar to those with bar- 
biturates, alcohol) have occurred following abrupt 
discontinuance (convulsions, tremor, abdomi- 
nal/muscle cramps, vomiting, sweating). Keep 
addiction-prone individuals under careful surveil- 
lance because of predisposition to habituation/ 
dependence. 


Usage in Pregnancy: Use of minor tran- 
quilizers during first trimester should al- 
most always be avoided because of in- 
creased risk of congenital malformations 
as suggested in several studies. Consider 
possibility of pregnancy when instituting 
therapy; advise patients to discuss therapy 
if they intend to or do become pregnant. 









Not recommended for OB use. 


Efficacy/safety not established in neonates (age 
30 days or less); prolonged CNS depression ob- 
served. In children, give slowly (up to 0.25 mg/kg 
over 3 minutes) to avoid apnea or prolonged 
somnolence; can be repeated after 15 to 30 min- 
utes. If no relief after third administration, appro- 
priate adjunctive therapy is recommended. 


Precautions: Although promptly controlled, sei- 
Zures may return; readminister if necessary; not 
recommended for long-term maintenance 
therapy. 

If combined with other psychotropics or anticon- 
vulsants, carefully consider individual phar- 
macologic effects—particularly with known com- 
pounds which may potentiate action of Valium 
(diazepam), /.e., phenothiazines, narcotics, bar- 
biturates, MAO inhibitors, antidepressants. Pro- 
tective measures indicated in highly anxious pa- 
tients with accompanying depression who may 
have suicidal tendencies. Observe usual precau- 
tions in impaired hepatic function; avoid accumu- 
lation in patients with compromised kidney func- 
tion. Laryngospasm/increased cough reflex are 
possible during peroral endoscopic procedures; 
use topical anesthetic, have necessary coun- 
termeasures available. Hypotension or muscular 
weakness possible, particularly when used with 
narcotics, barbiturates or alcohol. Use lower 
doses (2 to 5 mg) for elderly/debilitated. 

Adverse Reactions: Drowsiness, fatigue, ataxia, 
venous thrombosis/phlebitis at injection site, con- 
fusion, depression, dysarthria, headache, 
hypoactivity, slurred speech, syncope, tremor, 
vertigo, constipation, nausea, incontinence, 
changes in libido, urinary retention, bradycardia, 
cardiovascular collapse, hypotension, blurred 
vision, diplopia, nystagmus, urticaria, skin rash, 
hiccups, changes in salivation, neutropenia, 
jaundice. Paradoxical reactions such as acute 
hyperexcited states, anxiety, hallucinations, in- 
creased muscle spasticity, insomnia, rage, sleep 
disturbances, stimulation have been reported; 
should these occur, discontinue drug. Cough, 
depressed respiration, dyspnea, hyperventilation, 
laryngospasm/pain in throat and chest have been 
reported in peroral endoscopic procedures. Iso- 
lated reports of neutropenia, jaundice; periodic 
blood counts, liver function tests advisable during 
long-term therapy. Minor EEG changes, usually 
low-voltage fast activity, of no known significance. 
Dosage: Usual initial dose in older children and 
adults is 2 to 20 mg I.M. or I.V., depending on 
indication and severity. Larger doses may be re- 
quired in some conditions (tetanus). In acute 
conditions injection may be repeated within 1 
hour, although interval of 3 to 4 hours is usually 
satisfactory. Lower doses (usually 2 to 5 mg) with 
slow dosage increase for elderly or debilitated pa- 
tients and when sedative drugs are added. (See 
Warnings and Adverse Reactions.) 

For dosages in infants and children see below; 
have resuscitative facilities available. 

I.M. use: by deep injection into the muscle. 

IV. use: inject slowly, take at least one minute for 
each 5 mg (1 ml) given. Do not use small veins, 


o narcotic analgesic dosage can 
and should be reduced 


ready-to-use 2-ml Tel-E- Ject* 
disposable syringes 
2-ml ampuls, 10-ml vials 


5 mg/ml 


i.e., dorsum of hand or wrist. Use extreme care to 
avoid intra-arterial administration or extravasa- 
tion. Do not mix or dilute Valium with other solu- 
tons or drugs in syringe or infusion flask. If it is 
not feasible to administer Valium (diazepam) di- 
rectly I.V., it may be injected slowly through the 
infusion tubing as close as possible to the vein 
insertion. 

Moderate psychoneurotic reactions, 2 to 5 mg 
I.M. or I.V. and severe psychoneurotic reactions, 
5 to 10 mg I.M. or I.V., repeat in 3 to 4 hours if 
necessary; acute alcoholic withdrawal, 10 mg I.M. 
or I.V. initially, then 5 to 10 mg in 3 to 4 hours if 
necessary. Muscle spasm, in adults, 5 to 10 mg 
I.M. or I.V. initially, then 5 to 10 mg in 3 to 4 hours 
if necessary (tetanus may require larger doses); in 
children, administer I.V. slowly; for tetanus in in- 
fants over 30 days of age, 1 to 2 mg I.M. or I.V., 
repeat every 3 to 4 hours if necessary; in children 
5 years or older, 5 to 10 mg repeated every 3 to 4 
hours as needed. Respiratory assistance should 
be available. 

Status epilepticus, severe recurrent convulsive 
seizures (I.V. route preferred), 5 to 10 mg adult 
dose administered slowly, repeat at 10- to 15- 
minute intervals up to 30 mg maximum. Repeat 
in 2 to 4 hours if necessary keeping in mind 
possibility of residual active metabolites. Use cau- 
tion in presence of chronic lung disease or un- 
stable cardiovascular status. Infants (over 30 
days) and children (under 5 years), 0.2 to 0.5 mg 
slowly every 2 to 5 min., up to 5 mg (I.V. pre- 
ferred). Children 5 years plus, 1 mg every 2 to 5 
min., up to 10 mg (slow I.V. preferred); repeat in 2 
to 4 hours if needed. EEG monitoring may be 
helpful. 

In endoscopic procedures, titrate |.V. dosage to 
desired sedative response, generally 10 mg or 
less but up to 20 mg (if narcotics are omitted) 
immediately prior to procedure; if |. V. cannot be 
used, 5 to 10 mg I.M. approximately 30 minutes 
prior to procedure. As preoperative medication, 
10 mg I.M.; in cardioversion, 5 to 15 mg I.V. within 
5 to 10 minutes prior to procedure. Once acute 
symptomatology has been properly controlled 
with injectable form, patient may be placed on 
oral form if further treatment is required. 
Management of Overdosage: Manifestations in- 
clude somnolence, confusion, coma, diminished 
reflexes. Monitor respiration, pulse, blood pres- 
sure; employ general supportive measures, |.V. 
fluids, adequate airway. Use levarterenol or 
metaraminol for hypotension, caffeine and 
sodium benzoate for CNS-depressive effects. 
Dialysis is of limited value. 

Supplied: Ampuls, 2 ml, boxes of 10; Vials, 10 ml, 
boxes of 1; Tel-E-Ject* (disposable syringes), 2 
ml, boxes of 10. Each ml contains 5 mg diazepam 
compounded with 40% propylene glycol, 10% 
ethyl alcohol, 5% sodium benzoate and benzoic 
acid as buffers, and 1.5% benzyl alcohol as 
preservative. 


Roche Laboratories 
Division of Hoffmann-La Roche Inc. 
Nutley, New Jersey 07110 
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hydromorphone HCl @ 


The first step after injectables in post-op analgesia. 


Description: Dilaudid is hydromorphone, a hydro- 
genated ketone of morphine 

Indications: For relief of moderate to severe pain 
Contraindications: Suspected increased intracra- 
nial pressure, status asthmaticus 

Warnings: May be habit forming with a potential for 
addiction equivalent to morphine in equi-analgesic 
doses. Tolerance may also occur. As with all narcot- 
ics, usen early pregnancy only when expected bene- 
fits outweigh risks 

Adverse Effects: Nausea, vomiting, diarrhea, con 
stipation, anorexia and somnolence may occur al 
though unlikely with appropriate dose selection 
Dosage and Administration: Dosage must be indi- 


viciiialized The tical adult dace ic 29 mn every 4-A 


hours, as necessary, for moderate to moderately se- 
vere pain. For more severe pain, 3-4 mg or more every 
4-6 hours, as necessary, may be required 

Treatment of Overdosage: |f overdosage is treated 
within an hour, emesis and gastric lavage should be 


t 
ration and, if depression occurs, it may be an- 


tagonized by the use of naloxone hydrochloride 
(Narcan*) —Endo, nalorphine hydrochloride 
(Nalline*) — Merck Sharp & Dohme or levallorphan 


tartrate (Lorfan*) — Roche, as recommended by the 
manufacturer. Other supportive measures should be 
applied when indicated 

How Supplied: Dilaudid HC! color coded tablets 
INOT FOR INI IC OC TIOMIN imm rinted unth i lann anan ans 


side and potency on other side as follows: green — 1 
mg; orange —2 mg; pink —3 mg and yellow —4 mg 
Available in: 1 mg — bottles of 100 (NDC #0044-1021- 
02), 2 mg — bottles of 100 (NDC #0044-1022-02) and 
500 (NDC #0044-1022-03), 3 mg — bottles of 100 
(NDC #0044-1023-02), 4 mg — bottles of 100 (NDC 


#0044-1024-02) and 500 (NDC #0044-1024-03) 


Knoll Pharmaceutical Company 
Whippany, New Jersey 07981 
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ALL PTFE GRAFTS ^ / 
. ARE NOTALIKE... \ 


The IMPRA super structure is completely open allowing for cellu- 
lar ingrowth across the entire graft wall. This feature minimizes 
oroblems associated with wrapped PTFE grafts.’ 


IMPRA's unique one piece design provides the 
strength necessary to resist true dilitation* 
while eliminating incidents of fraying or 
unraveling of an outer wrap. 


Structure for patency... 
a logical solution to a 
complex problem. 
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Nip t inthe gut. 


Torecan can help control nausea 
and vomiting with dual action:* 
1) against circulating emetics 


(at the CTZ) 


2) against emetic sights, emotions, 
and organ insults (at the TVC) 


In using Torecan, the physician 


should consider the adverse 


reactions which are associated 
with the drug specifically and 


phenothiazines generally.** 





Torecan 


(thiethylperazine) e 


tranquilizer. 


a Its not for sedative use. 
a It'S not intended as a 


a lts not an antihistamine. 


symptoms. 


s Its not intended for psychotic 


*As shown in animal studies: TVC —True 


Vomiting Center, CTZ — Chemoreceptor 


Trigger Zone. 


**Please see brief summary for detailed 


information concerning potential 


adverse reactions. 





Injectable——10 mg/2ml (thiethylperazine malate, NF) 


for IM injection only 


Suppositories —10 mg (thiethylperazine maleate, NF) 


Tablets—10 mg (thiethylperazine maleate, NF) 


Torecan® (thiethylperazine) 

Tablets, Suppositories and Injection 
Contraindications: Severe CNS depression, 
comatose states, and in patients who have 
demonstrated a hypersensitivity to phenothiazines 
(e.g., blood dyscrasias, jaundice). Because 
severe hypotension has been reported after the 
intravenous administration of phenothiazines, this 
route of administration is contraindicated. The 
drug is contraindicated in pregnancy 

Warnings: Phenothiazines are capable of 
potentiating CNS depressants as well as atropine 
and phosphorous insecticides. The drug may 
impair mental and/or physical ability required in 
the performance of potentially hazardous tasks 
such as driving a car or operating machinery 
Postoperative Nausea and Vomiting: When used 
to control postoperative nausea and vomiting in 
patients undergoing elective Ped procedures, 
restlessness and postoperative CNS depression 
during anesthesia recovery may occur. Possible 
postoperative complications of a severe degree of 
any of the known reactions of this class of drug 
must be considered. Postural hypotension may 
occur after an initial injection, rarely with the 
tablet or suppository. Do not use with epinephrine 
in the treatment of drug-induced hypotension as 
phenothiazines may induce a reversed epinephrine 
effect. The most suitable vasoconstrictor agents 
are levarterenol and phenylephrine. The use of 
Torecan has not been studied following intra- 
cardiac and intracranial surgery. Not recom- 
mended for use in children under 12 years of age, 
or in nursing mothers since safety and efficacy 
have not heen e«tahlished 


Precautions: Convulsions and abnormal move- 
ments such as extrapyramidal symptoms have 
occurred. The varied extrapyramidal symptom 
complex is more likely to occur in young adults 
and children. Extrapyramidal effects must be 
treated by reduction of dosage or cessation of 
medication. For treatment of nausea and/or 
vomiting associated with anesthesia and surgery, 
the drug should be administered by deep intra- 
muscular injection at or shortly before the 
termination of anesthesia 


Adverse Reactions: CNS: convulsions, extra- 
pyramidal symptoms such as dystonia, torticollis, 
oculogyric crisis, akathisia and gait disturbances, 
occasional cases of dizziness, headache, fever 
and restlessness have been reported 

Drowsiness may occur initially on injection but is 
usually alleviated by a reduction in dosage 
Dryness of the mouth and nose, blurred vision, 
tinnitus; sialorrhea and altered gustatory sensa- 
tion. Peripheral edema of the arms, hands and 
face. Cholestatic jaundice; cerebral vascular 
spasm and trigeminal neuralgia have been 
reported occasionally. The following have occurred 
with phenothiazine derivatives and should be 
considered: agranulocytosis, leukopenia, 
thrombocytopenia, aplastic anemia, pancytopenia, 
eosinophilia, leukocytosis; miosis, obstipation, 
anorexia, paralytic ileus; erythema, exfoliative 
dermatitis and contact dermatitis; jaundice, biliary 
stasis. Hypotension, rarely leading to cardiac 
arrest; ECG changes. Akathisia, agitation, motor 
restlessness, dystonic reactions, trismus, torti- 
collis, opisthotonos, oculogyric crises, tremor, 
muscular rinidity akinesia same of which have 








persisted for several months or years especially 

in patients of advanced age with brain damage. 
Menstrual irregularities, altered libido, gyneco- 
mastia, weight gain; false positive pregnancy 
tests. Urinary retention, incontinence; fever, 
laryngeal edema and angioneurotic edema, asthma. 
Hyperpyrexia, behavioral effects suggestive of a 
paradoxical reaction, including excitement, bizarre 
dreams, aggravation of psychoses and toxic 
confusional states. ECG changes. While there is 
no evidence that ECG changes are in any way 
precursors of any significant disturbance of 
cardiac rhythm, sudden and unexpected deaths 
apparently due to cardiac arrest have been 
reported in a few instances in hospitalized 
psychotic patients previously showing character- 
istic ECG changes. A peculiar skin-eye syndrome, 
which is marked by progressive pigmentation of 
areas of the skin or conjunctiva and/or accom- 
panied by discoloration of the exposed sclera and 
cornea, has also been recognized as a side effect 
following long-term treatment. Opacities of the 
anterior lens and cornea described as irregular or 
stellate in shape have also been reported 

Drug Interactions: Phenothiazines are capable of 
potentiating CNS depressants (e.g., anesthetics, 
opiates, alcohol, etc.) as well as atropine and 
phosphorous insecticides. The drug may induce a 
reversed epinephrine effect on occasion 

For complete details, please see full prescribing 
information 


Boehringer Ingelheim 


Boehringer Ingelheim Ltd. 
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Before you touch a patient 
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To help prevent nosocomial infections... 


Even helpful hands can carry environmental 
pathogens to susceptible patients. Hands are 
known to be a major source of nosocomial 
infections. A convenient, effective way to elimin- 
ate pathogens from hands that touch patients 
is routine handwashing with BETADINE Skin 
Cleanser before patient contacts. 


Broad-spectrum degerming 


BETADINE Skin Cleanser promptly kills gram- 
positive and gram-negative bacteria (including 
antibiotic-resistant strains), fungi, viruses, 
protozoa and yeasts. BETADINE Skin Cleanser 
may be used to degerm hands, face and body. 


Thorough, gentle cleansing 
BETADINE Skin Cleanser cleanses 
thoroughly and gently with a rich golden lather. 
It is virtually nonirritating* to skin and mucosa 
and is nonstaining to skin and natural fabrics. 





Wide application in the hospital 
BETADINE Skin Cleanser is ideal for routine 
handwashing by physicians, nurses. hospital 
personnel and patients. It is also indicated for skin 
degerming in patients with common pathogens, 
including Staph. aureus; for post-operative skin 
care; in skin infections; and for general hygiene, 
when skin degerming is desirable. 

Supplied in 4 fl. oz. and 1 gal. plastic bottles. 


"In the rare instance of local irritation or sensitivity, discontinue 


use by the individual. 


Purdue Frederick 


© Copyright 1980, The Purdue Frederick Company/Norwalk, CT 06856 
219480 A9577 
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Prescribing Information 
Chloromycetin? Sodium Succinate 
bep phan sodium succinate for injection, 


For intravenous administration 


WARNING 
Serious and fatal blood dyscrasias —_ anemia, 
hypoplastic anemia, thrombocytopenia, and granulo- 
cytopenia) are known to occur after the administra- 
tion of chloramphenicol. In addition, there have been 
reports of aplastic anemia attributed to chloram- 
phenicol which later terminated in leukemia. Blood 
dyscrasias have occurred after both short-term and 
prolonged therapy with this drug. Chloramphenicol 
must not be used when less potentially dangerous 
agents will be effective, as described in the INDICA- 
TIONS section. It must not be used in the treatment of 


trivial infections or where it is not indicated, as in 
colds, influenza, infections of the throat; or as a 
prophylactic agent to prevent bacterial infections. 
Precautions: It is essential that adequate blood 
studies be made during treatment with the drug. While 
blood studies may detect early peripheral blood 


changes, such as leukopenia, reticu openia, or 
granulocytopenia, before they become irreversible, 
such studies cannot be relied on to detect bone 
marrow depression prior to development of aplastic 
anemia. To facilitate appropriate studies and observa- 
tion during therapy, it is desirable that patients be 
hospitalized. 





IMPORTANT CONSIDERATIONS IN PRESCRIBING IN- 
JECTABLE CHLORAMPHENICOL SODIUM SUCCINATE 


CHLORAMPHENICOL SODIUM SUCCINATE IS INTENDED 
FOR INTRAVENOUS USE ONLY. IT HAS BEEN DEMON- 
iita TO BE INEFFECTIVE WHEN GIVEN INTRAMUS- 
CULARLY. 


1. Chloramphenicol sodium succinate must be hydrolyzed to 
ts microbiologically active form and there is a lag in 
achieving adequate blood levels compared with the base 
given intravenously 

2. The oral form of chloramphenicol is readily absorbed and 
adequate blood levels are achieved and maintained on the 
recommended dosage 

3. Patients started on intravenous chloramphenicol sodium 
succinate should be changed to the oral form as soon as 
practicable 


DESCRIPTION 

Chloramphenicol is an antibiotic that is clinically useful for and 
should be reserved for, serious infections caused by organ- 
isms susceptible to its antimicrobial effects when less 
potentially hazardous therapeutic agents are ineffective or 
contraindicated. Sensitivity testing isessentialto determine its 
indicated use, but may be performed concurrently with 
therapy initiated on clinical impression that one of the 
Indicated conditions exists (see INDICATIONS section) 

Each gram (10 ml of a 10% solution) of chloramphenicol 
sodium succinate contains approximately 52 mg (2.25 mEq) 
of sodium 


ACTIONS AND PHARMACOLOGY 

In vitro chloramphenicol exerts mainly a bactenostatic effect 
on a wide range of gram-negative and gram-positive bacteria 
andisactivein vitro against rickettsias, the lymphogranuloma- 
psittacosis group, and Vibrio cholerae Chloramphenicol is 
particularly active against Salmonella typhi and Hemophilus 
influenzae. The mode of action is through interference or 
inhibition of protein synthesis in intact cells and in cell-free 
Systems 

Chloramphenicol administered orally is absorbed rapidly 
from the intestinal tract. In controlled studies in adult volun- 
teers using the recommended dosage of 50 mg/kg/day. a 
dosageof 1 g every six hours for eight doses wasgiven Using 
the microbiological assay method, the average peak serum 
level was 11.2 mcg/ml one hour after the first dose A 
cumulative effect gave a peak rise to 18 4mcg/ml after the fifth 
dose of 1 g..Mean serum levels ranged from 8 to 14 mcg/ml 
over the 48-hour period. Total urinary excretion of chloram- 
phenicol in these studies ranged from a low of 68% toa high of 
99% over a three-day period. From 8 to 12% of the antibiotic 
excreted is in the form of free chloramphenicol: the remainder 
consists of microbiologically inactive metabolites. principally 
the conjugate with glucuronic acid. Because the glucuronide 
is excreted rapidly, most chloramphenicol detected in the 
blood is in the microbiologically active free form. Despite the 
small proportion of unchanged drug excreted in the urine. the 
concentration of free chloramphenicol is relatively high. 
amounting to several hundred mcg/ml in patients receiving 
divided doses of 50 mg/kg/day Small amounts of active drug 
are found in bile and feces Chloramphenicol diffuses rapidly, 
but its distribution is not uniform Highest concentrations are 
found in liver and kidney, and lowest concentrations are found 
in brain and cerebrospinal fluid Chloramphenicol enters 
cerebrospinal fluid even in the absence of meningeal inflam- 
mation, appearing in concentrations about half of those found 
in the blood. Measurable levels are also detected in pleural 
and in ascitic fluids, saliva, milk, and in the aqueous and 
vitreous humors. Transport across the placental barrier occurs 
with somewhat lower concentration in cord blood of newborn 
infants than in maternal blood 


INDICATIONS 
In accordance with the concepts in the WARNING box and 
this INDICATIONS section, chloramphenicol must be used 
only in those serious infections for which less potentially 
dangerous drugs are ineffective or contraindicated. How- 
ever, chloramphenicol may be chosen to initiate antibiotic 
therapy on the clinical impression that one of the condi- 
tions below is believed to be present: in vitro sensitivity 
tests should be performed gang | so that the drug 
may be discontinued as soon as possible if less poten- 
tially dangerous agents are indicated by such tests. The 
decision to continue use of chloramphenicol rather than 


anether antibiotic when both are vena by in vitro 
Studies to be effective against a specific pathogen should 
be based upon severity of the infection, susceptibility of 
the pathogen to the various antimicrobial drugs, efficacy 
of the various drugs in the infection, and the tg 
additional concepts contained in the WARNING box 
abcve: 
1. Acute infections caused by S typhi* 
l! is not recommended for the routine treatment of the 
Iv phoid carrier state 
2. Serious infections caused by susceptible strains in accor- 
cance with the concepts expressed above: 
a Salmonella species 
b. H influenzae, specifically meningeal infections 
C Rickettsia 
d. Lymphogranuloma-psittacosis group 
e Various gram-negative bacteria causing bacteremia, 
meningitis, or other serious gram-negative infections 
f) Other susceptible organisms which have been demon- 
strated to be resistant to all other appropriate antimicro- 
bial agents 
3. C'stic fibrosis regimens 





"In the treatment of typhoid fever. some authorities recommend that 
chloramphenicol be administered at therapeutic levels for 8 to 10 days 
after 'ne patient has become afebrile to lessen the possibility of relapse 


CONTRAINDICATIONS 
Chloramphenicol is contraindicated in individuals with a 
history of previous hypersensitivity and/or toxic reaction toit. It 
must mot be used inthe treatment of trivial infections or where it 
IS not indicated, as in colds, influenza, infections of the throat, 
or as « prophylactic agent to prevent bacterial infection 


PRECAUTIONS 

1. Baseline blood studies should be followed by periodic 
blood studies approximately every two days during therapy 
The dug should be discontinued upon appearance of 
reticulocytopenia, leukopenia, thrombocytopenia, anemia. 
or any other blood study findings attributable to chloram- 
phenicol However, it should be noted that such studies donot 
exclude "he possible later appearance of the irreversible type 
of bone marrow depression 

2 Repeated courses of the drug should be avoided if at all 
possibe? Treatment should not be continued longer than 
required to produce a cure with little or no risk of relapse of the 
disease 

3. Concurrent therapy with other drugs that may cause 
bone marrow depression should be avoided 

4. Excessive blood levels may result from administration of 
the recommended dosage to patients with impaired liver or 
kidney 'unctions, including that due to immature metabolic 
processes in the infant. The dosage should be adjusted 
accordingly or, preferably, the blood concentration should be 
determined at appropriate intervals. 

5. There are no studies to establish the safety of this drug in 
pregnamcy 

6. Because chloramphenicol readily crosses the placenta! 
barrier, caution in use of the drug is particularly important 
during pregnancy at termor during labor because of potential 
toxic effects on the fetus (gray syndrome). 

7. Precaution should be used in therapy of premature and 
full-term infants to avoid gray syndrome toxicity (see AD- 
VERSE REACTIONS). Serum drug levels should be carefully 
followed during therapy of the newborn infant. 

8. Precaution should be used in therapy during lactation 
because» the possibility of toxic effects onthe nursing infant 

9. The use of this antibiotic, as with other antibiotics. may 
result in an overgrowth of nonsusceptible organisms, includ- 
ing fungi |! infections caused by nonsusceptible organisms 
appear euring therapy. appropriate measures should be 
taken 

ADVERSE REACTIONS 
1. Blood Byscrasias 

The mcst serious adverse effect of chloramphenicol is bone 
marrow #epression. Serious and fatal blood dyscrasias 
(aplastic anemia, hypoplastic anemia, thrombocytopenia, 
and granulocytopenia) are known to occur after the adminis- 
tration of chloramphenicol. An irreversible type of marrow 
depression leading to aplastic anemia with a high rate of 
mortality ischaracterized by the appearance weeks or months 
after therapy of bone marrow aplasia or hypoplasia. Peripher- 
ally, pancytopenia is most often observed, but in a small 
number ofcases only one or two of the three major cell types 
(erythrocytes. leukocytes, platelets) may be depressed A 
reversible ‘ype of bone marrow depression. which is dose- 
related. may occur. This type of marrow depression is 
characterised by vacuolization of the erythroid cells. reduc- 
tion of reticulocytes, and leukopenia, and responds promptly 
to the witherawal of chloramphenicol 

An exact determination of the risk of serious and fatal blood 
dyscrasias 'S not possible because of lack of accurate 
information regarding (1) the size of the population at risk, (2) 
the total number of drug-associated dyscrasias, and (3) the 
total number of non-drug-associated dyscrasias. 

In a repos to the California State Assembly by the California 
Medical Association and the State Department of Public 
Health in January 1967, the risk of fatal aplastic anemia was 
estimated at 124.200 to 1:40,500 based on two dosage 
levels 

There have been reports of aplastic anemia attributed to 
chloramphen:col which later terminated in leukemia 

Paroxysrra nocturnal hemoglobinuria has also been re- 
ported 
2. Gastrointestinal Reactions 

Nausea, vomiting, glossitis and stomatitis. diarrhea and 
enterocolitissmay occur in low incidence 
3. Neurotoxic Reactions 

Headache, mild depression, mental confusion, and delir- 
ium have beer described in patients receiving chlorampheni- 
col. Optic amd peripheral neuritis has been reported. usually 
following long-term therapy. If this occurs, the drug should be 
promptly withcrawn 
4. Hypersensitivity Reactions 

Fever, macular and vesicular rashes, angioedema, urticar- 
ia, and anapnvlaxis may occur. Herxheimer reactions have 


occurred during therapy for typhoid fever. 
5. "Gray Syndrome" 

Toxic reactions including fatalities have occurred in the 
premature and newborn; the signs and symptoms associated 
with these reactions have been referred to as the gray 
syndrome. One case of gray syndrome has been reported in 
an infant born to a mother having received chloramphenicol 
during labor. One case has been reported in a 3-month-old 
infant. The following summarizes the clinical and laboratory 
studies that have been made on these patients 

a) In most cases, therapy with chloramphenicol had been 
instituted within the first 48 hours of life. 

b) Symptoms first appeared after three to four days of 
continued treatment with high doses of chlorampheni- 
col 

c) The symptoms appeared in the following order 
(1) abdominal distention with or without emesis, 

(2) progressive pallid cyanosis: 

(3) vasomotor collapse, frequently accompanied by 
irregular respiration, 

(4) death within a few hours of onset of these symptoms 

d) The progression of symptoms from onset to exitus was 
accelerated with higher-dosage schedules. 

e) Preliminary blood serum level studies revealed un- 
usually high concentrations of chloramphenicol (over 90 
mcg/ml after repeated doses) 

f) Termination. of therapy upon early evidence of the 
associated symptomatology frequently reversed the 
process with complete recovery 


ADMINISTRATION 


Chloramphenicol, like other potent drugs, should be pre- 
scribed at recommended dosages known tohave therapeutic 
activity Administration of 50 mg/kg/day in divided doses will 
produce blood levels of the magnitude to which the majority of 
susceptible microorganisms will respond 

As soon as feasible, an oral dosage form of chloram- 
phenicol should be substituted for the intravenous form 
because adequate blood levels are achieved with 
chloramphenicol by mouth. 

The following method of administration is recommended 

Intravenously as a 10% (100 mg/ml) solution to be injected 
Over at least a one-minute interval. This is prepared by the 
addition of 10 ml of an aqueous diluent, such as water for 
injection or 596 dextrose injection 


DOSAGE 

Adults 

Adults should receive 50 mg/kg/day in divided doses at 
six-hour intervals. In exceptional cases. patients with infec- 
tions due to moderately resistant organisms may require 
increased dosage up to 100 mg/kg/day to achieve blood 
levels inhibiting the pathogen, but these high dosages should 
be decreased as soon as possible. Adults with impairment of 
hepatic or renal functions or both may have reduced ability to 
metabolize and excrete the drug. In instances of impaired 
metabolic processes, dosages should be adjusted accord- 
ingly. (See discussion under Newborn Infants. )Precisecontrol 
of concentration of the drug in the blood should be carefully 
followed in patients with impaired metabolic processes by the 
available microtechniques (information available on request) 
Children 

Dosage of 50 mg/kg/day divided into four doses at six-hour 
intervals yields blood levels inthe range effective against most 
susceptible organisms. Severe infections (eg., bacteremia or 
meningitis), especially when adequate cerebrospinal fluid 
concentrations are desired, may require dosage up to 100 
mg/kg/day; however, it is recommended that dosage be 
reduced to 50 mg/kg/day as soon as possible. Children with 
impaired liver or kidney functions may retain excessive 
amounts of the drug 


Newborn Infants 
(See section titled Gray Syndrome under ADVERSE REAC- 
TIONS.) 

A total of 25 mg/kg/day in four equal doses at six-hour 
intervals usually produces and maintains concentrations in 
blood and tissues adequate to control most infections for 
which the drug is indicated. Increased dosage in these 
individuals, demanded by severe infections, should be given 
only to maintain the blood concentration within a therapeuti- 
Cally effective range. After the first two weeks of life, full-term 
infants ordinarily may receive up to a total of 50 mg/kg/day 
equally divided into four doses at six-hour intervals. These 
dosage recommendations are extremely important because 
blood concentration in all premature infants and full-term 
infants under 2 weeks of age differs from that of other infants 
This difference is due to variations in the maturity of the 
metabolic functions of the liver and the kidneys 

Whenthese functions are immature (orseriously impaired in 
adults). high concentrations of the drug are found which tend 
lo increase with succeeding doses 
Infants and Children with Immature Metabolic Processes 

In young infants and other children in whom immature 
metabolic functions are suspected, a dosage of 25 mg/kg/ 
day will usually produce therapeutic concentrations of the 
drug in the blood. In this group particularly, the concentration 
of the drug in the blood should be carefully followed by 
microtechniques. (Information available on request.) 


HOW SUPPLIED 
N 0071-4057-03 (Steri-Vial® No. 57) 
Chloromycetin (chloramphenicol) Sodium Succinate is 
supplied as a dried powder in Steri-Vials (rubber 
diaphragm-capped vials). When reconstituted as directed 
each vial contains a sterile solution equivalent to 100 mg of 
chloramphenicol per milliliter (19/10 ml) Available in 
packages of 10 vials. 
Chloromycetin, brand of chloramphenicol. Reg US Pat Oft 
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The Role of H.1.D.A./P.1.P.1.D.A. Scanning in Diagnosing 


Cystic Duct Obstruction 


CARLOS A. SUAREZ,* M.D., F.A.C.S., FAITH BLOCK,ft M.D., DAVID BERNSTEIN,* M.D., ALDO SERAFINI,t M.D., 
GEORGE RODMAN, JR.,* M.D., ROBERT ZEPPA,* M.D. FACS. 


A newer approach to the early diagnosis of acute biliary tract 
disease is reviewed. Ninety-two patients were evaluated with a 
new hepatobiliary agent (H.I.D.A./P.I.P.I.D.A.) for the pres- 
ence of cystic duct obstruction. Seven patients with sus- 
pected acute gall bladder disease were dropped from the 
study for the lack of pathologic confirmation of the diag- 
nosis. Forty-four of the remaining 85 patients were subse- 
quently operated on and found to have acute cholecystitis. 
Forty-three of the 44 had cystic duct obstruction demon- 
strated on H.I.D.A. Scan (one false negative). An additional 
23 patients underwent cholecystectomy for chronic disease. 
In this group, the gallbladder scan was only 43% (10/23) 
accurate in correctly identifying disease. Eighteen patients with 
nonbiliary disease had normal scans. The accuracy of ultra- 
sonography and the scan are also compared in a smaller sub- 
group of 53 patients who had both studies. 


ARLY DIAGNOSIS and cholecystectomy have been 
E shown to decrease the morbidity and mortality of 
biliary tract disease.^5.12.24 Unfortunately, the clinical 
findings of nausea, vomiting, fever, right upper quad- 
rant pain, and tenderness are not specific for only 
acute cholecystitis. Pyelonephritis, pancreatitis, pep- 
tic ulcer disease (perforation), hepatitis, and hepatic 
abscess may all present with similar findings. Labora- 
tory aids to diagnosis, though helpful, do not al- 
ways exclude alternate diagnoses. Multiple diagnostic 
procedures have been proposed which will confirm 
acute cholecystitis by demonstrating cystic duct ob- 
struction. Oral cholecystography, introduced in 1924 
by Graham and Cole,’ has limited value in this 
setting due to the presence of vomiting, poor gastro- 
intestinal absorption of the compound, and the delay 
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required for opacification of the biliary tree.'? More 
recent advances in intravenous cholangiography, 
(IVC), such as optimal dosages and the drip-infusion 
technique combined with tomography, have increased 
the accuracy of this test to more than 90% in non- 


IVC dye and the requirement for avoidance of 
radiologic procedures during pregnancy is the basis for 
the continuing search for a safe, reliable, noninvasive 
technique for diagnosing acute cholecystitis. 

The preoperative diagnosis of cholelithiasis by gray- 
sound ultrasonography has been shown to correlate 
with the subsequent operative findings of gallbladder 
disease.?:11515202127 Nevertheless. the incidence of 
"false negatives" remains in the range of 10-15%. 
The most recent investigative tool used for evaluating 
the biliary tract is H.I.D.A.t or P.I.P.I.D.A.$ hepato- 
biliary scanning. ?:17.1923:2526 Technetium??n ELLA. 
(and its N-substituted derivative of iminodiacetic 
acid — P.I.P.I.D.A.)isa gamma-emitting agent, with a 
six hour half-life and a gamma radioactive emission 
pattern. The result is a hepatobiliary imaging agent 
with less radiation delivered to the patient than its 
predecessor, iodine-131-Rose Bengal (Table 5). When 
administered intravenously, this new isotope com- 
pound is rapidly cleared from the circulating blood 


ee 
t Technitium-99m dimethyl acetanilde imino diacetic acid. Merk 
Frost, Canada. 
8 Technetium-99m para-isopropyl imino diacetic acid. New 
England Nuclear, U.S.A. 
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pool by the polygonal cells of the liver. usually within 
five minutes. Prompt excretion from the liver occurs 
with the progressive appearance of the radiotracer in 
the biliary duct system. The gallbladder visualizes 
when the cystic duct is patent. Visualization of the 
tracer in the duodenum confirms patency of the 
common bile duct. Furthermore, this technique has 
been demonstrated to image effectively even at 
serum bilirubin levels which limit conventional radio- 
graphic contrast imaging. A previous study has 
confirmed the ability of biliary scanning to detect 
cystic duct obstruction in a small group of patients 
with acute cholecystitis.? We began a prospective 
evaluation of the utility of ultrasonography com- 
bined with biliary scanning in the clinical setting in 
which acute cholecystitis may be present. 


Materials and Methods 


All patients evaluated by the Emergency Surgical 
Service between April 1 and November 1, 1978, with 
symptoms suggestive of acute gallbladder disease form 
the study population. A total of 92 patients were 
evaluated. Seven patients with the clinical diagnosis of 
biliary tract disease supported by oral cholecysto- 
gram, ultrasonography or biliary scanning, were dropped 
from the study for lack of pathologic confirma- 
tion of the diagnosis. Sixty-seven patients with gall- 
bladder disease underwent surgical treatment. The re- 
maining 18 patients proved to have unrelated diagnoses 
(Table 3). Routine laboratory studies included CBC, 
serum amylase, total bilirubin, SGOT, alkaline phos- 
phatase and urinalysis. All patients were placed NPO, 
and received intravenous fluids. Parenteral antibiotics 
were administered to all patients with the clinical diag- 
nosis of acute cholecystitis. 

Each patient underwent Tc*?" labelled P.I.P.I.D.A. 
or H.I.D.A. scans of the right upper quadrant within 
24 hours of admission. The patient received a dose of 
10 millicuries of Tc?" P.I. P.I.D.A. or H.I.D.A. intra- 
venously. After administration of the material, the 
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patient was imaged with a gamma scintillation camera 
at early and close intervals postinjection. When ade- 
quate identification of presumed gallbladder activity 
was seen, right and left anterior oblique views were 
taken to confirm the finding. If no gallbladder or gut 
activity was seen at one hour, imaging was con- 
tinued at 15 minute intervals until two hours post- 
injection. At that time, if no visualization had oc- 
curred, the patient was rescanned at 12—24 hours. 
In addition, 63 of these 85 patients underwent gray- 
sound ultrasonography of the right upper quadrant. 
Following these studies, 67 patients were identified in 
whom the diagnosis of gallbladder disease was felt to 
be the cause of their acute illness and subsequently, 
were prepared for surgery. None of the 18 patients in 
whom the diagnosis of biliary tract disease was not 
suggested by such preoperative evaluation came to 
surgery. 

Fig. 1 shows excellent imaging of the gallbladder by 
grey scale ultrasonography. Figure 2a demonstrates the 
early visualization of the hepatobiliary agent. The 
patency of the cystic duct is confirmed in the 30-minute 
film which shows the radioactivity in the gallbladder. 
This effect becomes more easily seen at 45 minutes 
postinjection of the isotope. Figure 3a demonstrates 
good uptake of the isotope by the liver at five minutes 
postinjection. A repeat scan at 30 minutes (Fig. 3b) 
fails to show any gallbladder activity, in spite of the 
presence of radioactivity in the common bile duct and 
duodenum. This scan is interpreted as showing cystic 
duct obstruction. 


Results 


Table 1 shows the age, temperature, white blood 
cell count, serum amylase, S.G.O.T., alkaline phos- 


. phatase and total bilirubin among the subgroups of 


patients. 

Patients with acute cholecystitis did not differ in age 
from those with chronic cholecystitis, but both groups 
were significantly older than those with nonbiliary 
disease. 


TABLE 1. Laboratory Studies 








Total 
Age Temper- Serum* mg/dl Alk. Phos- 
in Years WBC ature Amylase Bilirubin S.G.O.T.* phatase* 
Acute N = 47 x = 50 x = 14.036 x = 99,9°F x = 45 X = 1.98 x = 34.2 x = 108 
cholecystitis SD 19.19 SD 4688 SD = 1.77 SD 154.9 SD = 3.11 SD = 60.48 SD = 90.3 
Chronic N = 28 i= 43 X = 9.114.8 x = 98.7°F x = 435.11 ‘L782 X = 47.153 x 101.96 
cholecystitis SD = 16.04 SD 3561 SD 875 SD 855 SD 3.364 SD 67.108 SD 76.22 
Unrelated N = 18 x = 36.94 X = 10.868 x = 99.4°F x = 202.6 x = 1.142 x = 19.769 X = 69.846 
diagnosis SD 16.23 SD 3781 SD 1.62 SD 513.41 SD 1.410 SD = 23.861 SD = 33.97 


* International units. 
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TABLE 2. Diagnostic Accuracy of Tc?" H.I.D.A./P.I.P.I.D.A. Scan 


ne 





Acute Chronic 

Chole- Chole- Nonbiliary 

cystitis cystitis Disease 
Nonvisualized 43 (98%) 10 (43%) 0 
Normal 1 (2%) 13 (S7%) 18 (100%) 
Total 44 23 18 





Acute patients had a higher WBC than chronic or 
unrelated (p < 005). 

Temperature was also higher in acute cases (p 
< .005) when compared to chronic cases, but this was 
not so when acute and nonbiliary cases were 
compared. 

The serum amylase values proved to be significantly 
higher in chronic cases when compared to acute 
ones. However, it should be noted that three patients 
in the chronic group presented with biliary pan- 
creatitis with amylase levels exceeding 1000 units. 

No significant differences in total bilirubin were 
noted among all three groups. Acute and chronic 
cholecystitis patients had slightly higher than normal 
bilirubin reflecting patients in each group with asso- 
ciated partial or complete common duct obstruction. 

The mean values for S.G.O.T. in the chronic and in 


the acute groups were within normal limits. 
Alkaline phosphatase was slightly elevated in the 


acute and in the chronic patients and the two groups 
did not show any significant difference. The unrelated 
group had normal levels of alkaline phosphatase. 
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Fic. 1. Ultrasound study in patient with stones. The gall- 
bladder (GB) is easily seen as well as multiple stones (arrows). 
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5 Min 


Fic. 2a. Normal H.I.D.A. scan of patient with patent cystic duct. 
Imaging of liver (L) is obtained at five minutes postinjection 
of the Tc?" H.I.D.A. 


Diagnostic Accuracy of Tc?" H.].D.A.[P.I.P.I.D.A. 
Scan (Table 2) 


The test proved to be extremely accurate (98%) in 
the 44 patients who, subsequently, proved to have 





30 Min 


Fic. 2b. Normal H.I.D.A. scan at 30 minutes. The common duct 


(CD) and gallbladder (GB) are noted. 


394 SUAREZ AND OTHERS 








45 Min 


Fic. 2c. Normal H.I.D.A. scan at 45 minutes shows faint visual- 
ization of the duodenum (D). 


acute cholecystitis. We encountered only one case in 
which the gallbladder was visualized and the patient 
had gangrenous cholecystitis. This patient had an 
ultrasound study which showed gall stones and was 
operated on without delay (Fig. 1). He had a satisfac- 
tory recovery. The test was exceedingly unreliable 
in identifying patients with chronic gallbladder disease. 
Only 43% had a nonvisualized gallbladder, while 57% 
had a normal exam. 

The scan proved to be equally helpful in ruling out 
the possibility of acute cholecystitis. All eighteen 


TABLE 3. Patients with Nonbiliary Diseases 








Age Sex Diagnosis 

19 F Sickle cell crisis 

43 F Costochondritis 

58 F Duodenal ulcer 

58 F Hiatal hernia 

37 F Pancreatitis (alcohol induced) 

19 F Acute salpingo-oophritis 

53 F Abdominal pain of unknown origin 
33 F Hiatal hernia 

39 F Right ureteral stone 

70 M Angina pectoris 

20 F Abdominal pain of unknown origin 
15 F Abdominal pain of unknown origin 
35 F Abdominal pain of unknown origin 
40 F Alcohol induced pancreatitis 

59 M Right ureteral stone 

31 M Right lower lobe pneumonia 

Chronic active hepatitis 

20 F Abdominal pain of unknown origin 
2 F Abdominal pain of unknown origin 





Ann. Surg. e April 1980 


TABLE 4. Diagnostic Accuracy of Ultrasonography 
eee 
Acute Chronic Nonbiliary 
Cholecystitis ^ Cholecystitis Disease 


a UOU 
Positive ultrasound 


(stones or sludge) 26 (86.6%) 13 (81.2%) 0 
Normal ultrasound 4 (13.4%) 3 (18.8%) 17 (100%) 
Total 30 (100%) 16 (100%) 17 (100%) 


————————————————————————————— 


patients in this group had a normal scan (Fig. 2, 
Table 3). 


Diagnostic Accuracy of Ultrasonography (Table 4) 


Thirty patients with acute cholecystitis underwent 
ultrasonography with a diagnostic accuracy of 86.6% 
accuracy. 

In chronic cholecystitis, the accuracy in demonstrat- 
ing stones was 81%. All patients with nonbiliary 
tract disease had a normal ultrasound study. 


Discussion 


Reluctance to accept early operation as standard 
therapy for acute cholecystitis is at least partially based 
on the difficulty in confirming the diagnosis preopera- 
tively. Several other illnesses, some not requiring sur- 
gery, mimic acute cholecystitis. Furthermore, some 
elderly patients deemed high operative risk due to 
associated diabetes or cardiopulmonary disease often 
present with acute cholecystitis. In such patients, 
early operation is thought to be necessary due to the 
high failure rate of nonoperative therapy for acute 
cholecystitis and the associated incidence of gall- 
bladder gangrene and rupture. In addition, the ability 
to stabilize a decompensating cardiopulmonary con- 
dition may be limited if acute cholecystitis is pres- 
ent. Thus, in the high risk patient with right upper 
quadrant signs and symptoms, an accurate diagnosis 
becomes the cornerstone of successful therapy. 
Standard radiologic procedures (oral cholecystography 
[OCG] and intravenous cholangiography [IVC]) have 
limited usefulness in the emergency setting and are not 
applicable to all patients (jaundice, iodine allergy, 
pregnancy). 


TABLE 5. Radiation Dose Estimates* 








Organ Rads/mCi 
Liver 0.064 
Small intestine 0.312 
Upper large intestine wall 0.775 
Lower large intestine wall 0.854 
Kidneys 0.035 
Bladder wall 0.116 
Ovaries 0.198 
Testes 0.012 





* Merck, Frost, Laboratories, Kirkland (Montreal), Canada. 


k 


Vol. 191 e No. 4 





H.I.D.A. SCANNING 


395 





Fics. 3a and b. Abnormal H.I.D.A. scan. (a, left) The liver is well delineated at five minutes postinjection. Within 30 minutes, the common 
duct (CD) and duodenum are seen. Note the absence of the gallbladder. 


Ultrasonography and more recently Technetium??™ 


ii hepatobiliary scanning, have replaced the IVC as 


our standard diagnostic approach to patients in whom 
acute cholecystitis is suspected. Our confidence in 
these two diagnostic aids is based on the fact that 
44 patients presenting with fever, right upper quad- 
rant pain, tenderness, elevated white blood cell 
counts and with a clinical diagnosis of acute chole- 
cystitis, subsequently confirmed pathologically, 43 of 
these patients had nonvisualization of the gallbladder 
on scanning (Fig. 3). Thirty of these 44 patients 
also underwent ultrasonography of the right upper 
quadrant; 25 of these 30 patients were shown to 
have cholelithiasis. There was one false negative 
hepatobiliary scan in a patient who was found to have 
gangrenous cholecystitis at operation. However, the 
ultrasonography in this patient revealed the presence 
of cholelithiasis. In this series of 44 patients, the 
combination of both scan and ultrasound led to a 100% 
accuracy in diagnosing acute cholecystitis. The mor- 
tality rate with this group of patients was 2% (one 
patient). 

In the subgroup of patients 50 years and older with 


upper abdominal pain and often with associated 
medical disease, hepatobiliary scanning has been a 
valuable diagnostic aid. These patients often show only 
small elevations of their temperature and minimal 
elevations of their white blood cell count, in spite of the 
findings of severe cholecystitis at operation. Rapid 
diagnosis and early cholecystectomy in our series of 
patients resulted in an uneventful recovery in 14 or 15 
"high-risk" patients. 

In the group of patients who presented with upper 
abdominal pain and who were eventually discharged 
with a diagnosis other than cholecystitis, H.I.D.A. 
scanning helped in ruling out biliary tract disease. 
All of these patients had visualization of their gall- 
bladder. In the group of patients who were operated 
on with the diagnosis of cholelithiasis and chronic 
cholecystitis, ultrasonography has proved to be more 
accurate than H.I.D.A./P.I.P.I.D.A. scanning in this 
situation. Obviously, if no cystic duct obstruction is 
present at the time of scanning, the gallbladder will, in- 
deed, be seen. In these patients, oral cholecystography 
and ultrasonography remain the primary investiga- 
tive tools. 


396 
Conclusions 


H.I.D.A. scanning accurately confirmed the patho- 
logical diagnosis of acute cholecystitis, secondary to 
cystic duct obstruction, in 97% of the patients in 
this series. In the nonacute situation, ultrasonography 
accurately predicted cholelithiasis in some 80% of 
cases. Hepatobiliary scanning, using Technetium??" 
labelled H.I.D.A. or P.I.P.I.D.A., is the investigative 
tool of choice when faced with the possibility of acute 
cholecystitis, secondary to cystic duct obstruction. 
The addition of ultrasonography resulted in 100% 
accuracy in establishing the diagnosis of acute 
cholecystitis. Ultrasonography and oral cholecysto- 
grams remain the investigative tools of choice in the 
face of cholelithiasis and chronic cholecystitis. 
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Determinants of Adverse Reaction Following Postoperative 


T-tube Cholangiogram 


E. PATCHEN DELLINGER, M.D.,* GERALD KIRSHENBAUM, M.D., T MARK WEINSTEIN, M.D., 


The incidence, nature, and mechanisms of adverse reaction 
following postoperative T-tube cholangiogram have received 
little attention in the medical literature. This paper presents 
the experience at one hospital over a 30-month period (1975— 
1977) covering 139 patients who had 170 cholangiograms. Fac- 
tors examined included intraoperative and postoperative cul- 
tures of bile, the use of antibiotics prior to the performance 
of the cholangiogram, the technique of cholangiography, the 
interval between operation and cholangiogram. Eleven (6.5%) 
cholangiograms were followed by an adverse reaction. Two 
of these reactions were severe, manifested by signs of septic 
shock. The administration of antibiotics was not associated 
with a reduction in adverse reactions. The cholangiographic 
technique of gravity infusion of dye, which effectively limits 
the amount of pressure generated during the study, was as- 
sociated with a significant reduction in adverse reactions. No 
severe reactions occurred following any study performed by 
the gravity technique. There was no significant correlation 
between the age of the patient or the number of days post- 
operative with adverse reaction. A review of the literature 
suggests that the mechanism for these severe reactions is chol- 
angiovenous reflux. The avoidance of high intraductal pres- 
sures (above 25 cm of water) during the performance of post- 
operative T-tube cholangiogram should significantly reduce 


the incidence of adverse reactions. 

HE PLACEMENT OF A TUBE within the common duct 
T following choledochotomy is widely practiced!»??-4o 
although several reports have advocated primary 
closure of the common duct.™!®!! The presence of a 
tube within the duct creates a controlled bile fistula 


and the tube can be removed at the discretion of the 
surgeon. It provides access under ideal conditions for 
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postoperative cholangiography to detect possible re- 
tained stones and to delineate details of ductal anatomy. 
The T-tube allows decompression of the common duct 
during the early period of ampullary edema and spasm 
which may be associated with recent cholangitis, stone 
passage, or operative manipulation. Finally, the T-tube 
tract may be utilized for percutaneous nonoperative 
extraction of retained stones??* or choledochoscopy.*? 

The majority of surgeons who use T-tubes routinely 
perform a postoperative T-tube cholangiogram prior to 
the removal of the tube for the reasons outlined 
above.!»255939 While the risks of high pressures and 
bacteria within the biliary ductal system are well known, 
the incidence and nature of septic complications fol- 
lowing T-tube cholangiography have not been well 
documented. 

During a review of the charts of 50 consecutive pa- 
tients who had undergone common duct exploration 
and subsequent T-tube cholangiogram at the Beth 
Israel Hospital between January 1972 and December 
1974 a high incidence of fever in association with T-tube 
cholangiogram was noted. Two patients had fever prior 
to the cholangiogram. Of the 48 patients who were 
afebrile prior to the cholangiogram, 10 (21%) experi- 
enced a fever greater than 37.4 C in the 24 hours fol- 
lowing T-tube cholangiogram. The data regarding anti- 
biotic administration and bacterial culture and sensi- 
tivities were insufficient to draw any conclusions 
regarding the possible role of antibiotics under these 
circumstances but these observations prompted the 
present study. 


Materials and Methods 


A study of all patients undergoing common duct ex- 
ploration at the Beth Israel Hospital between January, 
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1975 and June, 1977 was undertaken. The charts of 139 
patients who had 170 cholangiograms were reviewed. 
The records of six additional patients could not be 
retrieved. Two additional patients had complications 
of intra-abdominal or abdominal wall abscesses in as- 
sociation with their T-tubes, making evaluation of bac- 
teriologic data and possible reaction to the cholangio- 
grams unclear. No other attempt at patient selection 
was made, either in terms of clinical presentation or 
operative findings. Data were obtained regarding in- 
traoperative and postoperative cultures of bile from 
gallbladder, common duct, and T-tube, use of anti- 
biotics at the time of T-tube cholangiogram, technique 
of cholangiography, occurrence and nature of adverse 
reactions following cholangiogram, and the number of 
days between operation and cholangiogram. 

Antibiotic use at the time of the cholangiogram was 
classified according to the in vitro sensitivities of the 
organisms recovered from T-tube bile. Antibiotic ad- 
ministration was termed "appropriate" if all organ- 
isms recovered were sensitive to the antibiotic used. 
Antibiotic administration was termed "inappropriate " 
if no organisms were sensitive to the antibiotics used. 
"Partly appropriate" indicated that some organisms 
were sensitive and some were not. In all cases anti- 
biotics were administered prior to the performance of 
the cholangiogram. Duration of administration was 
variable. The technique used for performance of T-tube 
cholangiogram was recorded from the radiologist's 
report. "Injection" denotes hand injection of the con- 
trast material by syringe under fluoroscopic control. 
"Gravity" indicates infusion of the contrast material 
by gravity usually from a height of 10-20 em. A sig- 
nificant number of cholangiograms were reported with- 
out specifying the technique and these are listed as 
"unspecified." 

Adverse reactions occurring within the 24-hour 
period following T-tube cholangiogram were charac- 
terized as "minor" if there was an elevation of tem- 
perature of one or more degrees Fahrenheit above the 
maximum for the previous 24 hours or if the patient 
experienced abdominal pain and nausea significant 
enough to be recorded in the chart in the absence of 
fever. "Severe" reactions were associated with marked 
elevation of temperature, tachycardia, hypotension, 
and oliguria. 


Results 
The study group of 139 patients had a mezn age of 


61 (range: 17-98) years. There were 35% male and 
6576 female patients. Stones were found in the common 
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duct at the time of operation in 56% of the patients. 
The gallbladder bile was cultured in 72% and the com- 
mon bile duct in 63% of the patients. Only nine pa- 
tients (6.5%) did not have any cultures in the operating 
room. Comparison of the subgroups of all men. all 
women, and those patients who did and did not re- 
ceive antibiotics does not reveal any significant dif- 
ferences among the groups in terms of age, common 
duct stones, or incidence of intraoperative cultures. 

Of the 88 common bile ducts cultured in the operat- 
ing room, 47 (53%) contained bacteria and 41 (47%) 
did not. Of the 41 patients with negative intraoperative 
cultures, 38 had subsequent cultures in the postopera- 
tive period and usually two days before the performance 
of T-tube cholangiogram. Twenty-two (58%) had be- 
come colonized by bacteria prior to the cholangiogram, 
while 16 (42%) remained sterile at the time of T-tube 
cholangiogram. The 16 sterile T-tube bile cultures were 
obtained between three and nine days postoperatively. 
The positive cultures were obtained between four and 
35 days postoperatively. 

One hundred twenty-three bacterial isolates were ob- 
tained from the 47 common ducts with positive cultures 
in the operating room, for an incidence of 2.6 isolates 
per patient. The most common isolate was Escherichia 
coli, followed by Klebsiella sp., alpha-hemolytic 
streptococci, Enterobacter sp. (Table 1). No uniform 
effort to obtain anaerobic cultures was practiced. For 
the patients who had sterile common ducts at the time 
of operation and subsequently became culture positive, 
the number of bacterial isolates was less and the dis- 
tribution of species reflected common skin organisms 
and contaminants in greater numbers. Thirty organisms 
were recovered from 22 patients (1.4 organisms per 
patient) and Staphylococcus epidermidis was the most 
common isolate (Table 2). 

There was no significant relationship between age 
and the finding of common duct stones. While the in- 
cidence of positive cultures in the presence of stones 
was 62% as compared with 42% in the absence of 
stones, the difference was not statistically significant 
(p = 0.102). There was a definite relation between the 
age of the patient and the presence of bacteria in the 
common duct, confirming the findings of other authors 
(Table 3) 5.29.32 

Of 170 cholangiograms, 11 were followed by an 
adverse reaction in the succeeding 24 hours, an inci- 
dence of 6.5%. Nine of the reactions were classified 
as mild. Six of these were manifested by temperature 
elevations without severe symptoms, two by mild ab- 
dominal symptoms without temperature elevation, and 
one by temperature elevation and abdominal pain which 
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was subsequently thought to be caused by simultaneous 
pyelonephritis. The overall incidence of fever was 5.3%. 

The two severe reactions occurred one and three 
hours following the performance of the cholangiogram 
and were manifested by severe hypotension, tachy- 
cardia, oliguria, fever, and mental confusion. In each 
case antibiotics had been administered prior to the pa- 
tient’s transport to the radiology suite. In one case 
the antibiotics were appropriate, in the other. partly 
appropriate. Both cholangiograms were performed by 
the "injection" technique. Both T-tubes were placed 
on gravity drainage after the cholangiogram. 


Determinants of Adverse Reaction 


Seventy-nine patients received antibiotics in the peri- 
cholangiogram period. Of these, 52 were classified as 
fully appropriate based on in vitro sensitivity testing 
of the bacteria recovered from precholangiogram 
T-tube bile cultures. Sixteen were partly appropriate 
and 11 were inappropriate. Ninety-one patients did 
not receive any antibiotic at the time of T-tube 
cholangiogram. 

The administration of antibiotics in association with 
T-tube cholangiogram did not affect the incidence of 
adverse reaction. This held true in examining all ad- 
verse reactions or only severe reactions. It was also 
true whether antibiotic administration was compared 
with no antibiotics or whether antibiotic administration 
was subdivided into appropriate, inappropriate, and 
partly appropriate antibiotics. The comparison most 
likely to show a beneficial effect of the administration of 
antibiotics would be that of appropriate antibiotics 
compared with no antibiotics or inappropriate antibi- 
otics in only those patients with positive T-tube bile 
cultures prior to cholangiogram (Table 4). Even this 
most favorable comparison failed to achieve any 
significance. There was no significant relation between 
the age of the patient, the sex of the patient, or the 
number of days between operation and cholangiogram 
and subsequent adverse reaction. 

A comparison of T-tube bile cultures with reaction 
following cholangiogram did not reveal a significant 
relationship. However, the small number of severe re- 
actions and the small number of negative T-tube bile 
cultures would make it very difficult to show such a 
relationship. Ninety-two per cent of the cholangiograms 
were preceded by T-tube cultures, and of those cul- 
tured 85% were positive. Both of the severe reactions 
occurred in patients with positive T-tube cultures and 
eight of the nine mild reactions occurred in patients 
with positive cultures. The only reaction which oc- 
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TABLE 1. Common Bile Duct Cultures at the Time of Operation 
from 47 Patients 


Escherichia coli 40 
Klebsiella sp. 21 
alpha-hemolytic streptococci 12 
Enterobacter sp. 11 
Enterococci 7 


Clostridium sp. * 
Anaerobic gram negative rods 6 
Staphylococcus epidermidis 4 
nonhemolytic streptococci 3 
Pseudomonas sp. 3 
Citrobacter sp. 2 
gram positive cocci 2 
nonspore forming gram positive rod, Hemophilus sp., 
Candida sp., Serratia sp., diphtheroids (1 each) L9 


123 


curred in a patient with negative T-tube cultures was 
described as abdominal pain similar to his previous 
gallbladder attacks but not accompanied by any change 
in temperature. 

Sixty-seven cholangiogram reports specified the 
technique used in performance of the x-ray. Of these, 
54 were performed with gravity infusion and 13 were 
hand injected. The technique used for the remaining 
103 cholangiograms was unspecified. Examination of 
the "specified" cholangiograms, reveals a significant 
relationship between the injection technique and severe 
adverse reaction (1596 vs. 0, p — 0.435, Table 5). The 
occurrence of any adverse reaction was higher follow- 
ing the injection technique but this failed to achieve 
Statistical significance (31% vs. 7.4%. p = 0.0635, 
Table 6). 

A summary of the 11 cholangiograms followed by 
an adverse reaction shows an average patient age of 
73 years. The cholangiograms were performed an 
average of 12.4 days postoperatively (range: 7-31 
days). Ten of the 11 patients had positive T-tube bile 
cultures. Three received appropriate antibiotics, two 
partly appropriate antibiotics, and six no antibiotics. 
Four cholangiograms were performed with gravity in- 


TABLE 2. T-tube Bile Cultures Before C holangiogram 
from 22 Patients 


ee 


Staphylococcus epidermidis 11 
Escherichia coli 4 
Staphylococcus, mannitol pos., coag. neg. 3 
Klebsiella sp. 2 
Pseudomonas sp. 2 
enterococci 2 
Staphylococcus aureus, Enterobacter. Acinetobacter, 
Hemophilus parainfluenzae , Proteus mirabilis. 
Candida (1 each) 6 
30 
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TABLE 3. Positive Common Bile Duct Culture in Relation to Age 








Number Cumulative 
of Number Percent Positive 
Age Cultures Positive Positive (0€) 
0-30 9 2 22 22 
31-50 13 3 23 23 
51-70 38 20 53 42 
70 28 22 79 53 


Chi square = 15.458 with 3 degrees of freedom. 
p = 0.0015. 


fusion. Four were performed by the injection technique 
(including the two severe reactions), and in three the 
technique used was not specified. Eight of the 11 chol- 
angiograms were reported as normal. Two showed re- 
tained stones, and one report is misplaced. Four of 
these patients had other cholangiograms on the same 
admission without incident. 


Discussion 


Direct injection of contrast materials into the bile 
ducts for cholangiography has been practiced in con- 
junction with biliary tract operations since the 
1930’s.!°9-8 The possibility of adverse reactions to this 
procedure was also recognized, although early reports 
emphasized the possibility of toxicity from the dye sub- 
stances themselves*?! in addition to the risk of sepsis. 
Mixer in 1947 reported the phenomenon of "biliary 
regurgitation" in humans during T-tube cholangiog- 
raphy.” He noted the prompt appearance of diodrast 
in the renal collecting system following its injection 
into the common bile duct. He subsequently confirmed 
this observation in dogs and also observed that bac- 
teria and colloidal particles could be "'regurgitated ' 
from the bile duct into the blood stream. This occurred 
when biliary pressures were at or just above the se- 
cretory pressure. These findings were subsequently 
confirmed by other workers with studies in dogs!*?°?! 
and in humans.?? Hultborn showed that both bacteria 
and soluble substances pass easily from the bile ducts 


TABLE 4. Effect of Antibiotic Use on Adverse Reaction Following 
T-tube Cholangiogram Only Patients with Positive T-tube 
Bile Cultures Before Cholangiogram (n — 117) 


Any No 

Adverse Adverse 

Reaction Reaction 
Appropriate antibiotics (48) 3 45 
Inappropriate or no antibiotics (69) 5 64 


Chi square = 0.0263 with Yates correction. 
p > 0.80. 
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into the venous system in dogs. In man his studies 
were limited to soluble, radioactive substances but he 
showed that reflux occurred readily at pressures as 
low as 30 cm of water. Hultborn also observed that 
the routine performance of cholangiography by syringe 
injection resulted in bile duct pressures which regularly 
exceeded 40 cm of water and frequently reached 80 
cm of water transiently. Goldberg recorded bile duct 
pressures of 200 mmHg in dogs during the routine per- 
formance of T-tube cholangiography. The amount of 
material refluxing from the bile ducts into the venous 
system was noted to be directly proportional to the 
pressure achieved in the bile duct. This observation 
not only provides an explanation for some of the ad- 
verse reactions following T-tube cholangiography and 
other methods of direct biliary ductal visualization, 
but also suggests a partial explanation for the particu- 
larly serious nature of obstructive cholangitis. 

Detailed reports of adverse reactions following T-tube 
cholangiograms are rare, although they are mentioned 
in passing by Mixer” and Hultborn.?? Thus many pa- 
tients may be sent to the radiology department for 
routine postoperative cholangiography with little 
thought of potential risks. Hultborn cites Jacobsson, 
as observing an incidence of febrile reaction of six 
out of 120 T-tube cholangiograms without further de- 
tails. Kirshenbaum has noted a 2146 incidence of fever 
during the 24 hours following T-tube cholangiogram 
in 48 patients who had been afebrile at the time of 
the study (unpublished data). Septic complications 
following endoscopic retrograde cholangiograms (ERC) 
have been reported to have an incidence of 0.8— 12.5%, 
varying partly in relation to the presence of bactobilia 
and obstruction.?!?2*455 The rate of septic complica- 
tions following percutaneous transhepatic cholangiog- 
raphy (PTC) or transjugular cholangiography has been 
reported to vary from 0—9966,9:12.13.16.22,35/4 and Keighley 
has reported a case of fatal endotoxic shock following 
PTC.” Thus, there seems little doubt that bacteria and 
endotoxin can easily enter the blood stream from the 
bile ducts under conditions which frequently occur dur- 
ing the performance of T-tube cholangiography. In 
some patients this transient insult is well tolerated but 
in others severe reaction may occur as illustrated by 
the two patients described in this series. 

Clinicians are alert to the possibility of septic con- 
sequences of ERC and PTC, perhaps because these 
procedures are frequently performed in patients with 
suspected obstruction from stones or stricture and the 
incidence of bactobilia is known to be extremely high. 
During T-tube cholangiography, on the other hand, ob- 
struction should not be present and the fact that the 
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bile usually contains bacteria at this time may be over- 
looked. The bacteriologic data from this series of 170 
cholangiograms are relevant to this point. Of 156 chol- 
angiograms with bacteriologic data prior to cholangio- 
gram, 133 (85%) had bactobilia. Therefore, for all prac- 
tical purposes, one must assume that the great majority 
(73-86%) of patients having T-tube cholangiography 
have bactobilia.??:*? 

Keighley has reported an incidence of five cases of 
bacteremia following T-tube cholangiography in a series 
of 41 patients with T-tube drainage, for an incidence 
of 12%.” No details are given as to the method of 
performance of cholangiogram or the use of antibiotics. 
While the incidence of fever in the present series (5.3%) 
is not high, any surgeon doing biliary surgery can ex- 
pect to see this in his own patients if he looks for it. Two 
severe reactions out of 170 cholangiograms is an in- 
cidence of only 1.2%, but such reactions are potentially 
fatal in this patient population and should be viewed 
with respect. While fatal endotoxic shock has been 
reported following PTC, an important difference in 
these cases is the presence of obstruction in the pa- 
tients having PTC which does not exist in the patients 
with T-tube drainage. On the other hand, it is likely 
that the initiating event in either case is the transient 
high pressure within the biliary tree and the resultant 
cholangiovenous reflux of bacteria and endotoxin. 

The use of antibiotics to prevent septic complica- 
tions of cholangiography has been advocated.'^?! In 
our series the administration of antibiotics was without 
beneficial effect. Even the most favorable comparison, 
i.e., that of fully effective antibiotics compared with 
no antibiotics in patients with bactobilia, revealed no 
advantage to the antibiotic group. A consideration of 
the probable physiologic mechanism for these reactions 
may suggest a reason for this. Pioneering animal studies 
by Burke showed that proper timing of the administra- 
tion of preventive antibiotics could prevent or minimize 
wound infection in wounds contaminated by bacteria." 
Dozens of subsequent clinical trials have shown that 
this holds true in a variety of clinical settings. ?:! 7:15:26: 
27-37 [n all these situations bacteria do gain access to 
the wound but the presence of an effective level of 
antibiotics in the wound at the time of contamination 
helps prevent the establishment of an invasive wound 
infection over the subsequent hours and days. It is un- 
reasonable, however, to expect that antibiotics would 
prevent the reflux of bacteria from the biliary system 
into the blood stream. Only the complete, prior steriliza- 
tion of the biliary tract could hope to accomplish this, 
a goal which may well be impractical with an indwelling 
T-tube acting as a foreign body in the duct and pro- 
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TABLE 5. Technique of Cholangiogram Related to 
Severe Adverse Reaction (n = 67) 


Severe Adverse No Severe 
Reaction Reaction 
Gravity (54) 0 54 
Injection (13) 2 11 


Corrected Chi square — 4.07481. 
p — 0.0435. 


viding a portal of entry for environmental bacteria to 
reach the bile. Flemma and Keighley have both shown 
that the use of antibiotics does not reduce the incidence 
of positive common bile duct cultures at the time of 
choledochotomy.'*?»?9 Furthermore, the febrile and 
cardiovascular effects of a transient bacteremia or 
endotoxemia are not likely to be affected by the use 
of antibiotics.??:96 

With over 85% of all T-tube cholangiograms per- 
formed in the presence of bactobilia and antibiotics 
ineffective in preventing bacterial cholangiovenous 
reflux and subsequent adverse reactions, the control 
of ductal pressure during the performance of the study 
may be the only effective way to prevent these re- 
actions. Because of the retrospective nature of this 
review, the technique of cholangiography was not con- 
trolled, and unfortunately, in a large number of the 
studies, the technique used is not known. Practice within 
the Department of Radiology during the time period 
was not standardized, although, in general, an attempt 
was made to limit the pressure of infusion, whichever 
technique was used. This was partly in response to 
the high rate of cholangiogram-associated fever noted 
in the earlier chart review and to the belief, commonly 
held in the Department of Surgery, that high pressures 
generated during the performance of the cholangiogram 
might lead to complications by the mechanism of chol- 
angiovenous reflux. 

Nevertheless, in the 67 cholangiograms for which 
technique is known there was a definite association of 
injection technique with severe adverse reaction (15% 
versus 0%, p = 0.0435) and a suggestive association 
with all adverse reactions (31% versus 7%, p = 0.0635). 


TABLE 6. Technique of Cholangiogram Related to Any 
Adverse Reaction (n — 67) 


Any Adverse No Adverse 
Reaction Reaction 
Gravity (54) E 50 
Injection (13) 4 9 


Corrected Chi square — 3.44363. 
p = 0.0635. 
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Hultborn et al. have shown that hand injection of con- 
trast into the common duct is routinely associated with 
transient high pressures."? [n view of the above associa- 
tions and incidence of reactions, it seems prudent ini- 
tially to conduct all T-tube cholangiograms by a tech- 
nique which will monitor or limit the pressure which 
is developed within the system. This can be accom- 
plished either by infusing the dye by gravity from no 
higher than 25 cm above the duct, or by the inclusion 
of a manometer within the system if hand injection 
is used.'^*'"^ A manometer system such as the one 
described by White for intraoperative manometry and 
cholangiography would limit the pressures generated 
during T-tube cholangiography and might add additional 
information concerning opening pressure and flow to 
the study as currently performed in the radiology 
suite.“ In some cases this limitation of pressure may 
compromise the quality of the cholangiogram which 
can be obtained. In that circumstance an informed 
decision can be made by the clinician regarding the 
further information to be obtained from the cholangio- 
gram balanced against the risk of adverse reaction 
caused by the higher pressures. It is an unfortunate 
clinical reality that the patient most at risk may also be 
the patient most in need of a good quality cholangiogram. 


Conclusion 


Adverse reaction occurred in 11 of 170 instances 
tollowing postoperative T-tube cholangiogram. Two re- 
actions were characterized by a transient period of 
septic shock. The use of antibiotics at the time of chol- 
angiogram did not reduce the incidence of reaction. 
Limitation of pressure by using gravity infusion of the 
contrast material did reduce the incidence of adverse 
reactions. The mechanisms of these reactions is thought 
to be the reflux of bacteria and endotoxin from the 
bile ducts into the venous system. The use of gravity 
infusion of contrast is the single most important meas- 
ure recommended to avoid such reactions. 
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Jejunoileal Arteriovenous Malformation 


Localization for Resection by Segmental Bowel Staining Techniques 


E. STANLEY CRAWFORD, M.D., JOHN O. F. ROEHM, JR. 


Arteriovenous malformations, submucosal vascular lakes, of 
the jejunum and ileum which cause chronic gastrointestinal 
bleeding and anemia are easily identified before operation by 
selective arteriography but difficult at operation owing to lack 
of physical signs. This report is concerned with a patient who 
had such a lesion located in the proximal jejunum. The in- 
volved segment was easily identified at operation by injection 
of Indigo Carmine solution during operation into the involved 
jejunal artery subselectively catheterized immediately prior 
to operation. The duration of jejunal staining before resection 
was 45 minutes in this case and varied from 35 to 55 minutes 
in five other patients who had right colectomy for carcinoma, 
providing the opportunity to inject accurately in a conveniently 
located radiology suite before operation. Safe, convenient, 
longer periods of staining which could be performed at the 
time of original diagnosis were demonstrated in dog experi- 
ments using ‘‘biologic’’ colloidal carbon in which the bowel 
segment was well stained at the time of sacrifice five days 
after injection. There were no gross or microscopic signs of 
injury to bowel. 


ASTROINTESTINAL ARTERIOVENOUS malformations 
manifested pathologically as submucosal vascular 
lakes are relatively rare but well known occult lesions 
causing chronic gastrointestinal blood loss and anemia 
(the ‘‘emperor’s-clothes syndrome ).5 The elusiveness 
of these lesions is characterized by the frequent total 
absence of diagnostic signs during barium studies, 
endoscopic examinations, and direct examination at 
operation, surgical pathology, and autopsy.' * The only 
consistent method of diagnosis is that by injection tech- 
niques, either in vivo or at pathologic examination. 
Clinical diagnosis is now routinely made radiographi- 
cally by selective celiac and mesenteric artery angiog- 
raphy demonstrating rapidly filling, tortuous, dilated 
afferent arteries, localized opaque terminal "berry" 
like structures, and early filling of relatively enlarged 
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draining veins. These lesions occur anywhere in the 
gastrointestinal tract and the most common sites in 
order of frequency are right colon, jejunoileal segment, 
stomach, and duodenum. 

Precise localization of the lesions for segmental 
operative removal can be adequately deduced from 
the arteriograms in patients with involvement of stom- 
ach, duodenum, and colon because of the constant 
relationship of the involved segment to anatomically 
identifiable arterial blood supply. Moreover, a greater 
margin of error in localization is acceptable when lo- 
cated in stomach and colon because more of these 
organs may be removed without disturbing gastroin- 
testinal function. Precise localization of jejunoileal 
lesions is rarely possible by arteriography, and con- 
servative small bowel resection is thus difficult to 
achieve by this method alone. Numerous techniques 
for precise localization at this level have been em- 
ployed with varying degrees of success including trans- 
illumination, operative endoscopy, determination of 
arteriovenous oxygen differences, operative arteriog- 
raphy, dye wash out comparisons, and Doppler ex- 
amination.'?^? Of these, the last was reported to be 
most useful; however, the site of the lesion was grossly 
identifiable at operation in both reported cases, one 
in the duodenum and one in the ileum, by abnormal 
serosal vessels.'? This anatomic "tagging" facilitated 
the use of this instrument. The effectiveness of this 
method is not known in patients who do not have physi- 
cal signs at operation. This report is concerned with 
a more reliable method of localization and involves 
in vivo staining techniques both temporary and perma- 
nent. Its application is illustrated in a patient with jejunal 
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FiG. 1. Illustrations of angiographic findings in patient with arterio- 
venous malformation jejunum. Superior mesenteric arteriogram 
showing early (a) filling of lesions, (b) tortuous arteries filling a cluster 
of malformations and early venous drainage, (c) early and abnor- 
mally well opacified draining vein, and (d) diagram of pathologic 
process. 


arteriovenous malformation, in patients submitted to 
right colectomy for cancer, and in experimental animals. 


Case Report 


A 66-year-old woman was admitted to The Methodist Hospital, 
Houston, Texas, on December 16, 1975, with acute symptoms of 
fatigue, palpitations, and dyspnea. These symptoms had occurred 
intermittently during the previous two years and had required three 
hospital admissions elsewhere. Each time she was found to be 
severely anemic with guaiac positive stools. Upper and lower gas- 
trointestinal barium and endoscopic examinations were normal. A 
cause for bleeding could not be found. At the time of this admission, 
her hemoglobin was 5.5 g and stools were positive for occult blood. 
Upper and lower gastrointestinal barium studies were normal. 
Esophogastroduodenoscopy and colonoscopy were normal. Selec- 
tive celiac and mesenteric arteriograms were performed and multiple 
arteriovenous malformations were demonstrated in a segment of 
upper small intestine (Fig. 1). The anemia was corrected by blood 
transfusions and the patient was referred for operation. 

The usual concern for localization was expressed and it was sug- 
gested by one of us (J.O.F.R., Jr.) that the involved intestinal segment 
be stained by selective arteriography and dye injection techniques 
at the time of operation. Accordingly, on December 30, 1975, selec- 
tive and subselective superior mesenteric and jejunal arteriography 
was again performed using the Eisenberg-Cope Coaxial System (Fig. 
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Fic. 2. Method of catheterization for placement of catheter for dye 
injection at time of operation. (a) Diagram and arteriogram showing 
wedging of catheter in involved artery. (b) Diagram and arteriogram 
showing withdrawal position of coaxial catheter with wire guide 
in place for additional fixation in vessel to avoid dislodging at operation. 


2).* With the catheter subselectively positioned in the jejunal artery 
feeding the arteriovenous malformations and perfused with dilute 
heparin solution, the patient was transferred to the operating room, 
anesthetized, and the small bowel explored employing palpation, 
inspection, and transillumination techniques. The lesions could not 
be identified. As planned, 10cc of 0.8% solution Indigotindisulfonate 
Sodium? were injected through the catheter. A 12-inch segment of 
upper jejunum became brilliantly stained. A gradual wash out oc- 
curred but the segment was still grossly stained at 45 minutes when 
the bowel was resected (Fig. 3). Due to the short mesentery in this 
region, a sleeve resection was performed and continuity restored by 
end-to-end anastomosis. The wound was closed and the patient trans- 
ferred to the adjacent cardiovascular radiology suite still under anes- 
thesia. Selective arteriography was repeated and this showed satis- 
factory removal of the appropriate segment of bowel (Fig. 4). Routine 
pathologic examination of the specimen showed no abnormalities. 
Injection techniques could not be employed due to the fact that 
resection had been made along the edge of bowel. The patient re- 
covered from operation and at last follow-up on October 9, 1979, 
she was doing well and continues free of anemia and associated 
symptoms. 


* Manufactured by Elecath, Rahway, NJ. 
* Manufactured by H. Ward, Inc., Baltimore, MD 21201 and sold 
as Indigo Carmine. 
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Dye Wash Out Time 


Duration of staining was tested in five patients in 


whom right colectomy was to be performed for cancer 


of the cecum in association with other procedures in- 
cluding operations for disease of the biliary tract, 
stomach, and duodenum. The distal ileum and cecum 
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Fic. 3. Color photography 
made at operation showing 
stained jejunal segment 45 
minutes after dye injection. 


were first stained by direct injection of 8cc of 0.8% 
solution Indigotindisulfonate Solution into the ileocecal 
artery. The associated operation was performed and 
bowel staining timed up to one hour. Ileal staining times 
varied from 35 to 55 minutes. The cecum remained 
heavily stained in all cases during the one-hour period 
of observation. 


Fic. 4. Diagram and arterio- 
gram made after operation 
showing technique of oper- 
ation and absence of ar- 
teriovenous malformations. 


|. 
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FiG. 5. Photography made at autopsy five 
days after colloidal carbon injection show- 
ing segmented bowel staining. 


Experimental Long-term Staining 


A secondary branch ofthe superior mesenteric artery 
was injected proximal to the distal arterial arcade of 
small bowel using a 21-gauge needle and syringe with 
Sec of "'biologic"' colloidal carbonz suspension filtered 
through Whatman paper No. 1 in two adult dogs. The 
needle was withdrawn and bleeding controlled by su- 
ture and direct pressure. The abdominal wounds were 
closed, the animals allowed to recover from anesthesia, 
and returned to their cages. Both animals recovered 
and did well. Normal eating habits and bowel function 
returned on the second day after operation and this 
normal state continued for a total of five days at which 
time the animals were killed. Autopsy showed that 
the previously well stained bowel segment was grossly 
normal but still gray-black in color (Fig. 5). Micro- 
scopically there was no evidence of inflammation of 


t Manufactured by the Peliken Company, Hanover, Germany 
(Batch No. CI11/1431a, sold in U.S. as ‘biologic ink" by John 
Herschel and Co. Inc., 425 Fourth Avenue, New York 10016) and 
made available to us by Dr. Richard Bomberger. 
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either bowel wall, vessels, or perivascular tissues and 
no thrombi were found. Carbon pigment was located 
in capillary and venular walls and perivascular spaces 
(Fig. 6). 


Discussion and Conclusions 


Segmental jejunal staining by Indigotindisulfonate- 
Sodium injection through a previously subselective 
jejunal artery catheter proved simple, safe, and 
effective in identifying the segment of jejunum involved 
by an arteriovenous malformation that would not have 
been otherwise located by techniques available at the 
time. The method deserves further clinical trial; how- 
ever, as employed in this case, it has several theoretical 
and real disadvantages. These include the need for 
several arteriograms, the possibility of catheter dis- 
lodgment during transport and bowel manipulation, and 
arterial thrombosis around the catheter.? The latter has 
never occurred in our experience in perfusion therapy 
extending over many hours and thus is considered only 
a theoretical limitation. Dislodgment and staining of 
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incorrect segment of bowel is unlikely using the equip- 
ment and technique employed in this case; but in light 
of the proven duration of staining, the dye could be 
injected in conveniently located radiology suite under 
anesthesia, catheter withdrawn, patients transferred to 
operating room, and abdominal operation expeditiously 
performed. An alternative would be injection in the 
surgical suite prior to transfer to operating table or 
before opening the abdominal cavity. 

The most desirable option using these techniques 
is to be able to stain the involved segment at the time 
of initial diagnostic arteriography by a method that 
would produce permanent staining or staining for five 
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FiG. 6. Photomicrographs showing carbon 
pigment in (a) the pericapillary spaces in the 
tip of a villus with intact epithelium (100 x), 
(b) the walls of submucosal venules (225 x ), 
(c) the wall of an intramuscular capillary 
(640x), and (d) the pericapillary subserosal 
spaces of the adjacent mesentery (640x ). 


days to two weeks. This would require only one 
arteriographic procedure, the material could be 
precisely injected under fluoroscopic control, and 
operation planned when the patient had been properly 
prepared and at the convenience of the medical care 
team. The two dog experiments suggest the reality of 
this possibility using colloidal carbon, an inert 
substance which is unlikely to be carcinogenic evident 
by the fact that skin cancer does not occur more 
frequently in tattooed skin than in untattooed skin. The 
biologic type of colloid carbon described here must be 
employed because the usually available India Ink 
preparations contain shellac which caused severe 
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vasospasm, arterial thrombosis, and bowel necrosis in 


similar experiments. 
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Laparoscopy for Questionable Appendicitis 


Can it Reduce the Negative Appendectomy Rate? 


LUCIAN L. LEAPE, M.D., MAX L. RAMENOFSKY, M.D. 


Laparoscopy has been performed in 32 patients in whom the 
diagnosis of appendicitis was suspected, but in whom clinical 
findings were equivocal and insufficient to establish the diag- 
nosis. These patients represented 13.6% of the total group 
of patients admitted with questionable appendicitis during this 
period. Fifty per cent of these 32 patients had unusual clinical 
features, such as a prolonged history of symptoms, significant 
intercurrent disease, prior treatment with antibiotics or 
steroids, etc. At laparoscopy, the diagnosis of acute appendicitis 
was made in 17 patients. Another disease was diagnosed in 
8 patients, and 7 were judged to have no pathologic abnor- 
malities. There were two false negative examinations and one 
false positive, but no ruptured appendices resulted. Twelve 
patients (37.5%) were spared operation by laparoscopy. The 
negative appendectomy rate was decreased from 10 to 1%. 


OR MANY YEARS it has been accepted that there is 
F an inherent error rate of 5-15% in the diagnosis 
of appendicitis. Improved diagnostic methods have not 
substantially altered this rate of error.'* Indeed, it has 
often been stated that if a surgeon does not have a 
negative appendectomy rate of 10% he is operating 
on too few patients, thereby exposing some of them to 
the increased risk of the complications of rupture. To 
our knowledge, this thesis has never been put to test, 
however. 

In most cases, the patient with a negative appendec- 
tomy is one in whom the diagnosis was somewhat in 
doubt preoperatively because of equivocal physical 
findings. Operation is advised to settle the diagnosis 
on the assumption that the hazard of missing appendici- 
tis is greater than that of an unnecessary abdominal 
exploration. 

Although a "negative" appendectomy carries very 
little mortality risk to the patient, the postoperative 
morbidity is not inconsequential. At a minimum, several 
days in the hospital are required. There is a measurable 
incidence of wound infections and other complications 
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of laparotomy. We have sought to determine whether 
laparoscopy could eliminate unnecessary operations in 
this group of patients. 


Methods 


Patients were selected for laparoscopy if they had 
a clinical course constant with acute appendicitis but 
lacked confirmatory physical findings. All had been ad- 
mitted to the hospital with appendicitis as a primary 
diagnostic concern, and all were observed for a period 
of time, usually overnight, sometimes for several days. 
If, during the period of observation, symptoms prog- 
ressed and peritoneal signs developed, appendectomy 
was carried out without laparoscopy. Conversely, if 
symptoms subsided or another diagnosis was estab- 
lished, neither operation nor laparoscopy was per- 
formed. Laparoscopy was reserved for those individuals 
who showed neither signs of improvement nor of de- 
terioration. In the past, these patients would have been 
subjected to laparotomy. 

The technique of laparoscopy in children has been 
previously described.? * In this group of patients, gen- 
eral anesthesia was used in every case, and carbon 
dioxide was the distending gas. The Stortz pediatric 
laparoscopy equipment was used via a trocar placed 
through an incision in the umbilicus. A probe was in- 
troduced through a small right lower quadrant stab 
wound for manipulation of intra-abdominal viscera to 
permit adequate examination. 

The diagnosis of acute appendicitis was made if the 
appendix was seen to be inflamed, if it was covered 
with adherent omentum, or if it was not possible to 
see the appendix because of inflammatory adhesions 
or edema in the pericecal region. If the appendix was 
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seen and judged to be normal, laparoscopic examina- 
tion of the pelvic organs, the intestinal tract, gall- 
bladder, liver, duodenum and stomach was carried out 
in search of another explanation for the physical 
findings. 

If acute appendicitis was diagnosed by laparoscopy, 
appendectomy was carried out immediately following 
the procedure under the same general anesthetic. If 
a nonsurgical diagnosis was established, or the ex- 
amination was negative, the patient was discharged 
from the hospital when he became asymptomatic. 


Clinical Material 


In a four year period ending February 4, 1979, 234 
patients were admitted to the Boston Floating Hospital 
because of a question of appendicitis. Of this group, 
115 (49.1%) spontaneously improved or another diag- 
nosis was established. They were discharged from the 
hospital without operation or laparoscopy. In 87 pa- 
tients (37.2%), physical findings at the time of admis- 
sion or after a period of observation led to a diagnosis 
of acute appendicitis. These patients had appendec- 
tomy performed. In all but one, an acutely inflamed 
appendix was found and removed. 

In the remaining 32 patients (13.6%) clinical and lab- 
oratory findings were inadequate to establish the diag- 
nosis of acute appendicitis, and laparoscopy was per- 
formed. All of these patients had abdominal pain, but 
they lacked guarding or other evidence of peritoneal 
inflammation. Sixteen (50%) of these patients had com- 
plicating factors in their history which made diagnosis 
difficult. Eleven had symptoms for three days or more, 
and yet lacked clear-cut abdominal findings. Ten had 
other significant complicating diseases such as leukemia, 
the nephrotic syndrome, dermatomyositis, thalassemia, 
or jaundice. Several were receiving steroid therapy. 
Others had recently taken antibiotics. Other clinical 
information is given in Table 1. All but two patients 
underwent a period of in-hospital observation of six 
hours or more. Eight were watched for two days or 
more. Many had histories which were atypical for 
appendicitis: 


T.B. was a 6-year-old boy who developed abdominal pain after 
being ‘“‘dropped™ into a swimming pool three days prior to his ad- 
mission to the hospital. Persistence of pain led to hospitalization 
because of a question of intra-abdominal injury. Physical examination 
revealed mild right lower quadrant tenderness without objective 
peritoneal signs. Rectal examination was normal. Rectal temperature 
was 38 C. In the ensuing 48 hours of observation in the hospital 
his temperature rose to 40 C but he denied abdominal pain, and 
physical examination revealed only mild tenderness. Roentgen ex- 
amination of the abdomen showed ileus. At laparoscopy the ap- 
- pendix was found to be covered with omental adhesions. Ap- 
pendectomy was performed, and an acutely inflamed (unruptured) 
appendix was removed. He made a prompt recovery. 
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TABLE 1. Unusual Clinical Findings on Admission in 32 Patients 


Not 
Appendi- Appendi- Total 
citis citis (%) 
Symptoms for 3 days or more 6 5 11 (34) 
T < 38 C per rectum 10 8 18 (56) 
WBC - 10,000 5 9 14 (44) 
Other disease 5 5 10 (31) 


M.W. wasafourteen-year-old girl who was admitted with a ten-day 
history of right lower quadrant pain, fever, and anorexia. Physical 
examination revealed tenderness in the right lower quadrant with 
slight guarding. WBC was 6,300. The pain persisted overnight and 
she underwent laparoscopy. A twisted paraovarian cyst was found 
on the right side and removed through the laparoscope (Fig. 1). 
Postoperatively the pain was gone, and she has had no recurrence 
of pain in the ensuing 18 months. 

G.K. This thirteen-year-old boy was admitted to the hospital with 
a one-day history of periumbilical abdominal pain, anorexia, and 
vomiting with temperature to 39 C. He was under treatment with 
corticosteroids for the nephrotic syndrome. Physical examination 
revealed tenderness in both right and left lower quadrants. WBC 
was 6,600. Because of the fear that steroid administration was mask- 
ing an inflammatory process, laparoscopy was performed. The ap- 
pendix appeared normal, as did the other abdominal organs. The 
pain subsided over the next 24 hours. 


Results 


The appendix was seen in 27 of the 32 patients (Table 
2). In 12 patients, the appendix was judged to be acutely 
inflamed and appendectomy was performed. In five pa- 
tients the appendix could not be visualized, three be- 
cause of overlying adherent omentum. All five were 
operated on and all were found to have an inflamed 
appendix. Thus the diagnosis of acute appendicitis was 
made in 17 patients. One of these, a 4-year-old girl 
with dermatomyositis on high dose steroid and anti- 
biotic therapy, was thought to have appendicitis at 
laparoscopy because of inflammatory exudate around 
the appendix. She proved to have an unsuspected 
perforated peptic ulcer. In the other 16 patients, patho- 
logic examination confirmed the diagnosis of acute ap- 
pendicitis. None were ruptured. 

In seven patients no abnormalities were noted at 
laparoscopy. Six improved and were discharged from 
the hospital. One developed progressive signs of peri- 
toneal irritation, and 24 hours after laparoscopy he 
underwent laparotomy. An acutely inflamed appendix 
(unruptured) was removed. This patient, early in our 
experience, had appendicitis of the very tip of the ap- 
pendix which had been incompletely visualized because 
of its retrocecal position. The importance of seeing 
the entire appendix at laparoscopy is emphasized by 
this error. 

In eight patients, another pathologic condition was 
diagnosed. Five had gynecologic disorders: mittel- 
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FiG. 1. Paraovarian cyst as seen through the laparoscope. It was 
amputated and removed through a separate stab wound under 
laparoscopic control. 


schmerz (2), salpingitis, ruptured ovarian cyst, and 
torsion of a paraovarian cyst (which was removed by 
means of the laparoscope). One patient with Ewing's 
sarcoma had an abscess in an unsuspected tumor re- 
currence in the pelvis. Two patients had acute leukemia. 
In one, leukemic infiltrates on the cecum and peritoneum 
were noted at laparoscopy. No operation was per- 
formed, and he subsequently recovered. In the other 
patient, diffuse erythema of the appendix, cecum and 
terminal ielum was noted at laparoscopy without in- 


TABLE 2. Findings at Laparoscopy 





Inflamed appendix 12 
Appendix not seen 5* 
Normal 7t 
Other diseases 8 
leukemic inflltrates 21 
") 


mittelschmerz 

tumor abscess l 

torsion paraovarian cyst l 

ruptured ovarian cyst I 

salpingitis | 

ee — 

* All of these patients had appendicitis. 
* One in each of these groups later proved to have appendicitis. 
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flammatory adhesions or exudate (his peripheral WBC 
was 1,000). No operation was performed, but right 
lower quadrant tenderness worsened, and two days 
later appendectomy was performed. A mildly inflamed, 
unruptured appendix was removed. 

Thus, there were three errors in this group: one false 
positive (the patient with the perforated ulcer), and 
two false negatives (one incompletely visualized, and 
the other the patient with leukemia). Diagnosis was 
thus delayed in two patients. There were no complica- 
tions from laparoscopy. 

Twelve of the 32 patients undergoing laparoscopy 
were spared operation (38%). Unnecessary operation 
was thus avoided in 10% (12/119) of the entire group 
(87 appendicitis plus 32 laparoscopy). One patient who 
was operated on for appendicitis without laparoscopy 
was found to have a normal appendix. (The patient 
later passed a right ureteral stone.) Therefore, laparos- 
copy appears to have reduced the negative appendec- 
tomy rate from 10 to 1% in this group of patients. 


Discussion 


Laparoscopy has been used extensively in adult 
gynecologic practice, where it has been found to be 
effective and safe. Well over a million laparoscopies 
have been performed in the past several years. It is 
now the preferred method for sterilization. Laparoscopy 
has also been used for the diagnosis of a variety of 
abdominal conditions in adults — suspected neoplasm, 
liver disease, trauma, etc.5-'? 

The use of laparoscopy in children has lagged behind 
that in adults, in part because pediatric instruments 
only became available about five or six years ago. 
Several series have demonstrated the variety of ap- 
plications of laparoscopy in the pediatric age group 
and demonstrated its safety .?5-7.!? 

There has been little progress in the diagnosis of 
appendicitis in the past several decades.' In part, this 
is because of the variable nature of the disease. In 
most patients, appendicitis is progressive— signs and 
symptoms worsen with time, and the need for operation 
becomes obvious. A significant minority have a far 
less fulminant form of the disease, however, and con- 
stitute a significant diagnostic challenge to the physician. 

When other medical conditions are present, or the 
patient has received antibiotics or steroids, diagnosis 
becomes even more difficult. Judiciously utilized, 
laparoscopy can resolve these dilemmas and shorten 
hospital stay. In retrospect, perhaps it should have 
been employed earlier in several of the patients in this 
series. 

Barium enema has been advocated as a method of 
diagnosing appendicitis in the equivocal case.!*-!^ [n 
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our experience, it has occasionally been helpful. A 
negative barium enema may be misleading, however," 
and, more importantly, a barium enema will seldom 
help in the diagnosis of nonintestinal causes of lower 
abdominal pain (2546 in this series). In contrast, lapa- 
roscopy will usually reveal the pathologic process. In 
fact, it permits a far better evaluation of intraperitoneal 
organs than is possible through an appendectomy 
incision. 

In addition to errors in interpretation (3 in this series), 
laparoscopy for questionable appendicitis has two ad- 
ditional potential errors. A small percentage of patients 
have a retrocecal appendix which cannot be visualized 
by laparoscopy. If the criterion of nonvisualizability 
is used for determining the need for laparotomy, some 
uninflamed retrocecal appendices will be found. Sec- 
ondly, every surgeon has had the experience of remov- 
ing what appeared to be a normal appendix, only to 
have the pathologist tell him that it showed signs of 
active inflammation. At laparoscopy, these will be in- 
terpreted as normal. 

There were two patients in this series in whom the 
diagnosis of appendicitis was missed. In both, persistent 
and progressive signs led to appendectomy, which was 
performed prior to rupture. The findings at laparoscopy, 
like those from any diagnostic study, must be inter- 
preted in the context of the patient's clinical condition. 
Continued observation until signs have subsided is 
clearly mandatory. 

Laparoscopy is cost effective. If laparotomy is 
avoided, the operating room fee is reduced, and the 
hospital stay is markedly shortened (Table 3). Con- 
versely, if laparoscopy leads to laparotomy, an addi- 
tional operating room expense is incurred. However, 
with appropriate patient selection, the savings accrued 
from sparing some individuals the need for laparotomy 
more then compensates for this additional expense, 
so there is a net savings overall. More importantly, 
however, a significant fraction of individuals will be 
spared laparotomy and its potential complications and 
discomfort. 

Laparoscopy is a safe and useful adjunct in the man- 
agement of patients with questionable appendicitis. 
With careful attention to patient selection, laparoscopy 
has the potential to reduce the negative appendectomy 
rate to 1-2% without increasing the risk to the patient. 
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TABLE 3. Laparoscopy vs. Appendectomy Cost Comparison 
Operating Hospital 
Room Room Total 
Appendectomy only 
(3 days hosp.) 560 540 1100 
Appendectomy plus laparoscopy 
(3 days hosp.) 740 540 1280 
Laparoscopy only 
(1 day hosp.) 340 180 520 





Numbers indicate dollars. 


By doing so, it will spare a significant number of pa- 
tients the need for laparotomy. Further evaluation of 
its role in the management of these patients is indicated. 
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Lesser Curve Myotomy 


An Experimental Study 
THOMAS V. TAYLOR, M.D., F.R.C.S. (Eng.), F.R.C.S. (Edin.) 


Branches of the nerve of Latarjet run with the serosa of the 
stomach before penetrating the muscularis. Myotomy of the 
pylorus and esophagus are safe and well established proce- 
dures. Myotomy of the lesser curve of the stomach with 
preservation of the major vessels should denervate the parietal 
cell mass; this procedure has been investigated in the dog. 
Pre- and postoperative secretory stimulation was carried out 
with pentagastrin (0.375-6 pg/kg/hr i.v.) and insulin (0.2 
units/kg). After myotomy, in response to pentagastrin, there 
was a marked shift to the right of the dose response curve 
of acid secretion and a profound inhibition of pepsin output. 
The insulin response in terms of acid and pepsin secretion 
was almost completely abolished. Secretory inhibition after 
lesser curve myotomy is similar so that produced by proximal 
gastric vagotomy. These results would appear to give the opera- 
tion a sound anatomic and physiologic basis for it is not difficult 
to perform technically and obviates the risk of damage to the 
nerve of Latarjet or of ischemic necrosis of the lesser curvature. 


INCE FIRST DESCRIBED experimentally in the dog 
by Griffith and Harkins" proximal gastric vagot- 
omy has been extensively investigated in animals and 
man. Although the operative mortality is as low as 
0.3%" and the recurrent ulcer rate at five years may 
be as low as 4.3%5? the operation is not without its 
disadvantages. It may be tedious and time consuming 
to perform, damage to the nerve of Latarjet may result 
in gastric stasis and there is a small incidence of is- 
chemic necrosis of the lesser curvature which is not 
uncommonly fatal. In consequence the operation has 
been slow to gain acceptance in many centers. There 
would seem to be advantage in the development of an 
operation which while denervating the parietal cell 
mass could be more easily and expeditiously performed 
and which carried neither risk of damage to the nerve 
of Latarjet nor of ischemic necrosis of the lesser curva- 
ture. Lesser curve superficial sero-myotomy has been 
investigated in the dog. 
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Anatomic Considerations 


There are three points of fundamental importance 
in considering the anatomy of those branches of the 
nerve of Latarjet which pass along the anterior and 
posterior walls of the stomach to innervate the parietal 
cell mass. First, there is no particular predilection for 
these nerves to run with the blood vessels along the 
lesser curvature of the stomach.'?-'? Second, as pointed 
out by Mitchell’? the nerves can be traced for some 
distance beneath the serous coat before they penetrate 
the gastric musculature and third, the vagus nerve 
branches always run superficial to and more obliquely 
than the blood vessels along the lesser curve of the 
stomach. The anatomy of the vagus in the dog is similar 
to the human and this animal has therefore been chosen 
in this study. 

Applying these anatomic considerations a new 
method of denervating the parietal cell mass by lesser 
curve superficial sero-myotomy has been devised. In 
this operation, branches of the nerve of Latarjet are 
divided as they run intimately welded to the serosa. 
Division of the longitudinal and superficial circular 
muscle fibers produces wide separation of divided nerve 
bundles. As the blood vessels cross the lesser curva- 
ture in a deeper plain and at a less oblique angle than 
the nerves several of these are left intact to obviate 
the risk of ischemic necrosis of the lesser curvature. 
In the dog there is a slight difference in the anatomy 
of the nerve branches of the main trunks. There is a 
greater tendency for these to radiate from a more proxi- 
mal part of the nerve forming a ‘‘fan like” distribution 
along the walls of the stomach. In Figure | the extent 
of the anterior and posterior myotomies is illustrated 
diagrammatically. The myotomy begins at the level of 
the esophagogastric junction and extends down to the 
level of the incisura. 
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Experimental Procedure 


Six dogs weighing between 11.5 and 14 kg were em- 
ployed in the study. A chronic gastric fistula was estab- 
lished using a Thomas cannula placed through the an- 
terior wall of the stomach in the gastric antrum. A four 
week recovery period was allowed before initiating gas- 
tric secretory studies and the animals were fasted for 
20 hours before each test. Pentagastrin was infused 
beginning with a dose of 0.375 ug/kg/h and doubling 
this at half hourly intervals until a dose of 6 ug/kg/h 
was reached and maintained for 30 minutes. On a dif- 
ferent day after a one hour basal collection a bolus 
intravenous injection of 0.2 u/kg of insulin was given 
and the collections continued for two hours. The 
samples of gastric secretion were collected at 10— 15 
minute intervals, as indicated, throughout all tests. All 
titrations for gastric acid were made to pH 7.0 with 
0.01 N NaOH, using an autotitrator. During insulin 
tests venous blood samples were obtained prior to and 
every 30 minutes after the infusion of insulin. Pepsin 
concentrations were determined using the method of 
Hunt.” 

Lesser curve myotomy was performed through an 
upper midline incision. After identifying the anterior 
and posterior vagus nerve trunks the myotomy was 
performed along the anterior and posterior walls of 
the stomach close to the lesser curvature down to the 
level of the incisura. The major vascular supply of the 
stomach was preserved and little bleeding was en- 
countered. Two of the six dogs underwent myotomy 
of the anterior wall of the stomach and posterior 
truncal vagotomy. 

Postoperatively a minimum period of one month was 
allowed before repeating the three pentagastrin and 
insulin tests in the same manner as preoperatively. 


Results 


Each of the dogs made an uneventful recovery fol- 
lowing the procedure and there were no postoperative 
complications. 


Acid Secretion 


Lesser curve myotomy markedly shifted the dose- 
response curve to pentagastrin stimulation to the right 
and produced a diminution in the peak from 4.5 mmol/10 
minutes to (Fig. 2) 2.6 mmol/10 minutes within the 
dose range studied. The responses to doses that pro- 
duced submaximal responses in the intact stomach 
were significantly reduced (p < 0.001) by lesser curve 


 myotomy. The percentage reduction decreased with 


increasing dosage from a maximum of 75% at 0.75 ug/kg/ 
h to 21% at 6 ug/kg/h. Myotomy did not significantly 
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Fic. 1. Diagrammatic representation of lesser curve myotomy. 


affect the mean maximal concentration of acid in re- 
sponse to pentagastrin, this being 145 mmol/l. 

Basal acid output was abolished in two of the dogs 
and markedly reduced in the other two. 

In response to insulin by the criteria of Hollander 
a positive secretory response was obtained in two dogs 
in the second hour but the other two were insulin nega- 
tive after lesser curve myotomy as were the two dogs 
in whom anterior myotomy and posterior truncal vagot- 
omy had been performed. In those dogs with positive 
responses the secretory output was greatly diminished 
postoperatively (Fig. 3). 

In the two dogs in whom anterior myotomy and 
posterior truncal vagotomy was performed a similar 
secretory pattern to that obtained with anterior and 
posterior myotomy was recorded in response to penta- 


PENTAGASTRIN 4 DOGS 
pentagastrin ( ug/kg/hr ) 


0:37 0-75 S 3:0 6:0 
acid 
output 
(mEq ) 
pre - 
4 - myotomy 
3 
post- 
2 myotomy 


20 40 60 80 100 120 140 180 
time (min ) 


Fic. 2. The effect of lesser curve myotomy on the acid secretory 
response to pentagastrin infusion. 
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PENTAGASTRIN 4&4 DOGS 
pentagastrin ( ug / kg / hr ) 


INSULIN 4DOGS 





0 37 0.75 1:5 3 0 60 
acid 
output insulin 70 
(mEq ) pepsin 
output 60 
4 (units ) 
50 
3 
40 
2 
pre - 30 
1 myotomy 
20 pre-myotomy 
ELL? S 3 post- myotomy WAT 
post- 
123 4 30 60 90 120 10 myotomy 
+basal —» time (min ) 


Fic. 3. The effect of lesser curve myotomy on insulin stimulated 
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acid output. 


time (mins ) 


š ' i i Fic. 5. Inhibition of pepsin secretion produced by myotomy. 
gastrin. Both of these dogs were insulin negative post- dd 


operatively (Fig. 4). the pepsin output was smaller than in response to a 


Pepsin Secretion dose of 0.375 ug/kg/hr. Lesser curve myotomy totally 


[n response to pentagastrin preoperatively there was abolished the initial rise in pepsin output in response 
an early rise to 72.5 units/10 minutes at a dose of 0.75 to low doses of pentagastrin and with increasing doses 
ug/kg/hr which rapidly fell with increasing doses (Fig. there was only a small rise. Pepsin output at all doses 
5). The maximal response more than trebled the basal Was Significantly lower than premyotomy levels. Basal 
output. In response to doses in excess of 3 ug/kg/hr levels were reduced by 94% and peak levels by 88.6%. 

The peak response occurred preoperatively with a dose 
2 DOGS - anterior myotomy, posterior truncal of 0.75 ug/kg/hr and postoperatively with a dose of 
3.0 ug/kg/hr. 
5 The ratio of pepsin to acid output was markedly 
INSULIN reduced by myotomy at a dose of 0.375 ug/kg/hr of 4 
pentagastrin but at doses of 0.75 ug/kg/hr and over 
e—— pre-myotomy this ratio was not significantly different (Fig. 6). At 
o----e post-myotomy increasing rates of acid secretion in the intact stomach 
the pepsin to acid ratio declined. Lesser curve myotomy 
produced a marked reduction in this ratio at all levels 
of secretion and there was little reduction with progres- 
sive doses of pentagastrin (Fig. 7). Postmyotomy there 
was a very gradual decline in this ratio with increasing 
acid output. 

In response to insulin, while before myotomy there 
was a brisk increase in pepsin output (Fig. 8) this was 
totally abolished by myotomy and in addition there 
was a 78% reduction in basal output. The pepsin to 
acid ratio was again most markedly reduced by myot- 
omy at lower rates of secretion (Fig. 9), the late rise 
in this ratio may be spurious as output of both acid 
and pepsin were extremely low after myotomy. 
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basal hour time (mins) The operation has been investigated in the hope of 
FiG. 4. Secretory response to insulin after anterior myotomy and developing a simpler method of denervation of the 
posterior truncal vagotomy. parietal cell mass with little risk of damage to the nerve 
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Service. Board certification is 
strongly preferred. Affiliated with 
Texas A&M University College of 
Medicine with undergraduate and 
graduate teaching. Faculty 
appointment assured. Superb 
location in sunny Texas in city of 
50,000. Annual salary up to 
$59.300 with liberal fringe 
benefits. Equal employment 
opportunity agency. Apply: 


Chief of Staff 
Olin E. Teague Veterans' 


Center 
Temple, TX 76501. 


Intermedics Pulse Generators 
INDICATIONS AND CONTRAINDICATIONS 





The indications for cardiac pacemaking are increasing as pacemakers become 
more sophisticated and as advanced methods for patient management become 
more widespread. Generally accepted indications for long-term cardiac pacing 






include but are not limired to: (1) sick sinus syndrome; (2) chronic, symptomatic 





drug-resistant sinus arrhythmias, including sinus bradycardia, sinus arrest, and 





sinoatrial (S-A) block as seen in sick sinus syndrome; (3) chronic, symptomatic 
second-degree or third-degree A-V block; (4) recurrent Adams-Stokes syndrome: 
(5) bradycardia-tachycardia syndrome; (6) symptomatic bilateral bundle branch 
block; and (7) hypersensitive carotid sinus syndrome (carotid sinus syncope). In 
addition, certain patients presenting with intractable, recurrent, congestive heart 







tailure; cerebral or renal insufficiency; or recurrent, drug-resistant tachyarrhythmias 





who have been shown to benefit from temporary cardiac pacing are considered 





candidates for permanent cardiac pacemaking. 





The indications for permanent pacing in the presence of acute myocardial 





infarction have not yet been rigorously defined. Factors to be considered include 





the location of the myocardial infarct, the presence or absence of symptoms, ven- 





tricular rate, mechanism of the arrhythmias, and response to therapy. In general, 





symptomatic drug-resistant bradyarrhythmias which impair cardiac output are cons- 





idered indications for pacing in patients with acute myocardial infarction, regard 





less of infarct location 





There are no known contraindications to the use of pacemakers as a medical 





method for control of heart rate. However, body rejection phenomena such as 





local tissue reaction or skin necrosis, muscle and nerve stimulation, embolism, and 





cardiac tamponade have been reported. 





CAUTION: Federal (U.S. A.) law restricts this device to sale 


by or on the order of a physician. 






NOTE: The CyberLith and the CyberLith Programmer are currently 
undergoing clinical evaluation. 
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based, Multispecialty prepaid 
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PERMANENTE). Excellent fringe 
benefits. Full malpractice cover- 
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New Calcium-Regulating Hormone Solution 


Plays Important Part 
in Total Treatment of 
Hypercalcemia 


EFFECT OF SALMON CALCITONIN 
ON HYPERCALCEMIA 


Controlled Studies of 52 Patients! 


Serum 
Calcium 
(mg/100 ml) 


13 


Number of Patients 


E 1 
Days of Study 


Fast Acting 


Significant results obtained within 2-3 hours 


Compatible 


May be used in conjunction with other anticalcemic measures 


Wide Range of Safety 


No major side effects in high doses;* no interference with 
electrolyte balance 


Action 


Inhibits mobilization of calcium from bone and to some extent 
reduces tubular reabsorption of calcium in the kidney 


Documented 
Effectiveness 
in 77% of 43 
Patients?-^4 


IMPROVED 


B NO 
SIGNIFICANT 
EFFECT 


Sjoberg? mile c Wisneski^ 


Calcimar Solution 


(calcitonin-salmon) Armour 


a calcium-regulating hormone 


NOW AVAILABLE IN 
PREPARED SOLUTION FORM 


(Brief summary of prescribing information on reverse side) 


NEM 1 0 0 0 85 o TRILL EY EEE 
, * The possibility of systemic allergic reactions should not be overlooked. Nausea, vomiting, and local irritation have been reported in about 10% of 

patients. See Brief Summiary for additional information. 1. Gray TK, Becker KL, Deftos LJ, Goldsmith RS: Controlled clinical studies with 52 hypercalcemic 
patients. Data on file. 2 Sjoberg HK, Hjern B: Acta Chir pena 141:90, 1975. 3. Fillastre JP Humbert G, et al.: Europ J Intensive Care Med 1:185, 1975. 4. Wisneski 


LA, Croom WP. et al: Clin Pharmacol Ther 23:219, 1978 
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A Calcium-Regulating Hormone. 
Effective in Early Treatment of 
Hypercalcemia and Hypercalcemic Crisis 
As Part of The Overall Therapy 





BRIEF SUMMARY 


DESCRIPTION: CALCIMAR® (calcitonin-salmon) is a syn- 
thetic polypeptide hormone of salmon origin. CLINICAL 
PHARMACOLOGY: Calcitonin acts primarily on bone, but 
renal effects, and actions on the g.i. tract, are also recog- 
nized. The actions of calcitonin and its role in bone phy- 
siology are not completely understood. Bone — Single 
injections of calcitonin cause a marked transient inhibition of 
the bone resorptive process. With prolonged use, there is a 
persistent, smaller decrease in the rate of resorption. 
Decreased osteocytic resorption may also be involved. 
Possible bone formation may be augmented by calcitonin 
through increased osteoblastic activity. Hypercalcemia — 
Salmon calcitonin has been shown to lower the elevated 
serum calcium of patients with carcinoma, multiple myeloma 
and, with lesser response, primary hyperparathyroidism. 
- Calcium-lowering response occurs about 2 hours after first 
injection and lasts for 6 to 8 hours. INDICATIONS AND 
USAGE: Synthetic salmon calcitonin (CALCIMAR?*) is indi- 
cated for early treatment of hypercalcemic emergencies, 
along with other appropriate agents, when a rapid decrease 
in serum calcium is required, until more specific treatment of 
the underlying disease can be accomplished. It may also be 
added to existing therapeutic regimens for hypercalcemia 
such as i.v. fluids, furosemide, oral phosphate, cortico- 
steroids, or other agents. CONTRAINDICATIONS: Clinical 
allergy to synthetic salmon calcitonin. WARNINGS: Pregnan- 
cy — Reproduction studies in two species have revealed de- 
creases in fetal birth weight, and data in humans are not 
available to exclude a possible adverse effect on the fetus. 
Use of this drug in women who are or may become pregnant 
requires a determination that the potential benefit to the pa- 
tient outweighs the possibility of risk to the fetus. Calcitonin 


has been shown to inhibit lactation in animals and should not 
be administered to nursing mothers. PRECAUTIONS: Allergy 
— Calcitonin is protein in nature; therefore, the possibility of 
a systemic allergic reaction cannot be overlooked. Hypocal- 
cemia — The administration of calcitonin possibly could lead 
to hypocalcemic tetany although no cases have yet been re- 
ported. Patient Instructions — Careful instruction in sterile 
injection technique should be given to the patient and to 
other persons who may administer CALCIMAR® Laboratory 
Tests — Periodic examinations of urine sediment of patients 
on chronic therapy are recommended. Pediatric Use — 
There are no adequate data to support the use of calcitonin in 
children. ADVERSE REACTIONS: Nausea and/or vomiting 
has been noted in about 10% of patients. These effects tend 
to decrease or disappear with continued administration. 
Local inflammatory reactions at the site of subcutaneous or 
intramuscular injection have been reported in about 10% of 
patients. Facial flushing occurred in about 2-5% of patients. 
DOSAGE AND ADMINISTRATION: Hypercalcemia — The 
recommended starting dose of calcitonin in hypercalcemia is 
4 MRC units/kg body weight q. 12h., s.c. or i.m. If response is 
not satisfactory after 1-2 days, the dose may be increased to 
8 MRC units/kg, q. 12h. If still unsatisfactory after 2 more 
days, the dose may be brought to a maximum of 8 MRC 
units/kg, q. 6h. If injection volume exceeds 2 ml, intra- 
muscular injection is preferable, using multiple sites. HOW 
SUPPLIED: CALCIMAR® (calcitonin-salmon) Armour, is 
available as a sterile solution in 2 ml vials containing 200 

MRC units per ml. Store in refrigerator between 
Ae 2°-8°C (36°-46°F). 


ARMOUR PHARMACEUTICAL CO. 
Phoenix, Arizona 85077 


© Copyright 1980 by Armour Pharmaceutical Company 
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Operative Strategy in General Surgery: 
A Text and Atlas Volume 


Jameson L. Chassin, M. D., Booth Memorial Medical Center and New York University School of Medicine 


This superbly illustrated volume fully describes the strategy of planning and performing most opera- 
tions on the gastrointestinal tract and the esophagus. including such complicated procedures as ab- 
dominal-perineal proctosigmoidectomy. esophageal and low-anterior resections. total gastrectomy. 
and colectomy. For each operation. a thorough discussion of strategy focuses on avoiding pitfalls 
and danger points the surgeon may encounter. Each step-by-step description of technique is then 
clearly detailed by lifelike drawings based on operating room observations. 


In addition to suturing techniques. this atlas meticulously analyzes proper stapling techniques used 
In surgical anastomosis as well as indications, contraindications, and complications of stapling. 


Surgeons in training will be especially interested in three appendixes devoted to basic principles of 
foot position. body stance. dissecting. and proper use of instruments. and sewing and achieving hemo- 


SP 


Stasis. 
1980/Approx. 384 pp./524 Illus./ISBN 0-387-90452-2/Cloth 5 
For more information, please write: 


SPRINGER-VERLAG NEW YORK INC. Dept. S2260 175 Fifth Ave., New York, NY 10010 


DIRECTOR 


DEPARTMENT 
OF 
SURGERY 


967-bed teaching hospital affiliated with State 
University of N.Y., Downstate Medical Center 
with an accredited residency training program 
in General Surgery is seeking full-time (Geo- 
graphic) Director for its Dept. of Surgery. 


This key position requires an outstanding Clini- 
cian who can provide inspirational leadership to 
attending Physicians, House Staff and Medical 
Students. Applicant must be Board Certified in 
this specialty, and have proven ability as a Clini- 
cian, Teacher, Administrator and Researcher. 


Candidate should have qualifications that would 
warrant the rank of Associate Professor, or bet- 
ter, at Downstate Medical Center. 





Electromagnetic 
Blood 
Flowmeters 


e Excellent performance in 
clinical and research applications 
e Simple, reliable operation 
e Patient protection system 
e Zero flow reference 
e Convenient readout 
* Excellent frequency response 
* Low noise—high resolution 
* Total system compatibility 
* Multiple flow adaptability 
e Compact size 
* Available with 
two-channel recorders 
* Wide range of blood 
flow probes available 


Write or call for complete information 


25 Oe, 


CAROLINA MEDICAL 
ELECTRONICS, INC. 


P. O. BOX 307, KING, N. C. 27021 USA 
TELEPHONE (919) 983-5132 



























Please direct your CV and all correspondence to: 





Chairman, 
SURGICAL SEARCH COMMITTEE 
c/o OFFICE OF THE PRESIDENT 
THE LONG ISLAND COLLEGE HOSPITAL 
340 Henry Street, Brooklyn, NY 11201 
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© |980 Concept. Inc. 


loday...a new idea 


Tomorrow... 
he standard 


This new Concept 9600 Electrosurgical Generator 
provides the “kindest cut of all” Innovative 
design: minimizes heat trauma to sur- 

rounding tissues, fulgurates as well as 
or better than a spark gap generator, 
is 99% isolated for unexcelled 

safety and is versatile enough 

for every electrosurgical appli- 
cation. If you would like to 
standardize on one generator, 

this is the one. 


Obviously by 


l| i ELECTROSURGICAL 
PRODUCTS 
INC. ® 


12707 U.S. 19 South 
Clearwater, Florida 33516 
Phone: (813) 536-2791 


An Improved Technique for the Study of Lymph Nodes 


The importance of the meticulous study by pathologists of 
the lymph nodes in surgical specimens is emphasized. Most 
pathologists identify only a small proportion of the lymph nodes 
in these specimens and valuable prognostic information is lost. 
Data illustrating the evolution in the Columbia Laboratory of 
surgical pathology of methods used to study surgical lymph 
node specimens over a 44-year period (1935-1979) are re- 
viewed. An improved method of clearing the specimens of 
axillary dissections in radical mastectomy finds more lymph 
nodes and more metastases, and greatly shortens the time re- 
quired for clearing. The importance of identifying metastases 
in the interpectoral nodes is emphasized. In a special study 
with our new clearing technique metastases were found in 
the interpectoral nodes in 19% of the radical mastectomy 
specimens. These nodes are not removed in the modified opera- 
tion, which does not include resection of the pectoral muscles. 
The opportunity to cure a substantial proportion of patients 
is thus lost. 


T 1908 LORD MOYNIHAN, one of the wisest surgeons 
of his day, wrote ‘‘The surgery of malignant disease 
is not the surgery of organs, it is the anatomy of the 
lymphatic system." We can re-emphasize and refine 
- Moynihan's thought by stating that prognosis in car- 
cinoma depends not only on the complete removal of 
the regional lymph node filter, but also on the identifica- 
tion and microscopic study of all of the lymph nodes 
in the surgical specimen. 

Most pathologists have relied on the traditional crude 
method of dissecting out the lymph nodes by hand 
from fresh or fixed specimens. With this method, even 
when it is meticulously performed, the number of nodes 
identified is small as compared with number of nodes 
found with the modern clearing technique. In this tech- 
nique the fat is cleared from the specimen by immersion 
in increasing concentrations of alcohol and finally in 
cedar wood oil. In the translucent specimen nodes 
smaller than 1 ml can be identified. 

Ackerman,! in a careful study of radical mastectomy 
surgical specimens in 1951, reported finding by hand 
dissection an average of 19.1 lymph nodes per speci- 
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men. Pickren,'! working in our laboratory of surgical 
pathology at Columbia reported in 1956 finding an 
average of 21.5 nodes per specimen by hand dissec- 
tion in radical mastectomy specimens. Hand dissec- 
tion continues today to be the almost universal method 
of identifying lymph nodes in these specimens. In their 
1970 study of the relationship of lymph node metastases 
to prognosis in carcinoma of the breast in the Na- 
tional Adjuvant Breast Project, Fisher and Slack re- 
ported the number of lymph nodes found in radical 
mastectomy specimens.* In 42 of the 43 participating 
institutions the nodes were identified by hand dissec- 
tion. In ten of the total of 57 case series no nodes at 
all were identified in one or more specimens, although 
all of the operations were classified as radical mastec- 
tomies. In 20 of the case series the median number of 
nodes found ranged from eight to 14; in 26 of the case 
series it ranged from 15 to 19; and in nine case series 
it ranged from 20 to 25. The mean number of nodes 
examined was 17. 

Monroe? was probably the first to use the clearing 
method for identifying the lymph nodes in radical 
mastectomy specimens. In the Presbyterian Hospital 
in Chicago he cleared the axillary specimens in 87 cases 
and found an average of 30.4 nodes per case. 

In 1952, Davis and Neis from the Department of 
Surgery of the University College of Medicine in 
Omaha reported clearing 77 such specimens and find- 
ing an average of 31 nodes per case.? 


Columbia-Presbyterian Data 


The advantages of the clearing technique for 
identifying axillary lymph nodes in radical mastectomy 
specimens are well illustrated by the data concerning 
the numbers of lymph nodes found by the different 
methods of searching for them in the senior author's 
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(C.D.H.) long series of radical mastectomy specimens 
studied in our laboratory of surgical pathology at 
Columbia. This case series is particularly useful in this 
regard because the clinical stage of advancement of the 
carcinoma has been defined in all of the patients, 
thus providing a comparatively uniform series of cases 
for study. Moreover, the technique of the meticulous 
axillary dissection which is a feature of this case series 
has not been changed since 1935. 

An essential part of the study of axillary lymph 
nodes in radical mastectomy specimens in our labora- 
tory has been the determination of the exact anatomic 
position of the nodes in the axillary lymphatic filter. 
We have used the grouping and anatomical nomen- 
clature introduced by Poirier and Cunéo and adopted 
with modifications by Rouvière (Fig. 1).'* In this plan 
there are six different lymph node groups. These lymph 
node groups may be described as follows: 


The External Mammary Nodes 


This chain of nodes lies beneath the lateral edge of 
the pectoralis major following the course of the lateral 
thoracic artery on the chest wall from the sixth to the 
second rib. Rouviére stated that these nodes lie upon 
or within the thickness of, or beneath, the fascia cover- 
ing the digitations of the serratus anterior muscles.'* 
However, the usual situation of lymph nodes is along 
the vessels in the areolar tissue superficial to a fascial 
plane rather than within or beneath it, and the senior 
author (C.D.H.) has assumed that this is the case with 
the external mammary nodes. Therefore he does not 
attempt to dissect the fascia off of the serratus digita- 
tions. But he carefully dissects the areolar tissue 
containing the vessels and lymph nodes off of this 
fascia. These structures are very loosely attached to the 
underlying fascial plane and are dissected laterally 
away from it. With this technique he has not usually 
seen any external mammary nodes, and the pathologist 
in his study of the specimen has identified very few. 


The Scapular Nodes 


Several lymph nodes lie closely applied to the scapu- 
lar vessels and their thoracodorsal branches, from the 
point of origin of the subscapular vein from the axil- 
lary trunk to the insertion of these vessels into the 
latissimus dorsi muscle and the lateral chest wall. As 
they cross the axilla toward the arm, the intercosto- 
brachial nerves thread their way through the more 
cephalad of these scapular nodes. The thoracodorsal 
nerve, as it accompanies the thoracodorsal vessels, 
also runs through these scapular nodes. It is because 
these nerves are so intimately associated with the 
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scapular nodes that these nerves should be sacrificed 
in any thorough dissection of the axilla for carcinoma. 


The Central Nodes 


These nodes lie embedded in the fat in the center of 
the axilla. One or more of them may be situated 
surprisingly superficially beneath the skin and fascia of 
the center of the axilla, half way between the posterior 
and anterior axillary folds. They are therefore the 
nodes most easily palpated in the axilla, and the ones 
on which our clinical estimate of the state of the axil- 
lary nodes is usually based. They are the largest and 
most numerous of the axillary nodes, and the group of 
nodes in which metastases are most often found. The 
central nodes are, therefore, from every point of view, 
the most important of the axillary nodes. 


The Interpectoral Nodes 


The interpectoral nodes lie between the pectoralis 
major and minor muscles, along the pectoral branches 
of the thoracoacromial vessels. They are small and 
vary usually from one to four in number. Later on in 
this presentation we will discuss their special impor- 
tance in relation to the type of operation performed 
for carcinoma. 


The Axillary Vein Nodes 


These nodes lie along the lateral portion of the 
axillary vein, on its caudal and ventral aspects, from the 
white tendon of the latissimus where the most lateral 
of these nodes are found, to a point just medial to the 
origin of the thoracoacromial vein. If these nodes are 
not fixed to the axillary vein they are easily dis- 
sected away from it after division of the delicate 
layer of fascia which covers the structures of the 
axilla. This fascia is divided along the cords of the 
brachial plexus, and is dissected caudad across the 
axillary vein, taking with it the fat and areolar tissue 
and the axillary vein nodes that are embedded in it. 


The Subclavicular Nodes 


This is the highest, or most medial group of axillary 
nodes. They are situated along the ventral and caudad 
aspects of the axillary vein from a point just medial to 
the origin of the thoracoacromial vein to the very apex 
of the axilla, where the axillary vein disappears 
beneath the tendon of the subclavius muscle. There are 
usually several small nodes belonging to this group 
lying in the areolar tissue in the crevice between the 
highest portion of the axillary vein and the chest wall. 
This area is entirely inaccessible to the surgeon un- 
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Interpectoral or 
Rotter node 





Axillary 
vein nodes 


Fic. 1. The lymphatic routes from the 
breast to the axilla and the axillary lymph 
nodes. 


External mammary 
nodes 


Main collecting 
lymphatic tubules 


less the pectoralis minor muscle is divided and dis- 
sected downward out of the way. 

Since 1935 the method of identifying the lymph nodes 
in the specimens of axillary dissections has evolved 
through three phases in our laboratory. 

From 1935 to 1950, inclusive, the axillary nodes were 
dissected out by hand or found by multiple sections 
through the fixed specimen. The senior author's series 
of patients with Columbia clinical Stage A carcinoma 
for whom radical mastectomy was done during this 
period totaled 201 (Table 1). An average of 19.4 
nodes per case were identified. Metastases were found 
in 34.3% of these patients. 

In 1951 John Pickren, who was a member of the staff 
of our laboratory of surgical pathology at the time, 
began to clear the axillary portions of the radical 
mastectomy specimens. He did all of the work per- 
sonally with meticulous care. Between 1951 and 1953 
he cleared a total of 196 specimens. He identified a 
total of 7,260 lymph nodes —an average of 37.3 nodes 


Scapalar nodes 


Subclavian nodes 


_ Transpectoral route 












Retropectoral 
ot 
oe 


per case. Metastases were present in 53% of the cases. 
The distribution of these nodes in the different node 
groups is shown in Table 2. 

Pickren not only began the clearing of axillary lymph 
nodes in radical mastectomy specimens in our labora- 
tory, and determining the position of the nodes found 
in terms of the six anatomic node groups, but he 
introduced another important technical procedure 
which improved the detection of metastases in the 
nodes. Saphir in Chicago had shown that when lymph 
nodes are serially sectioned minute metastases are 
often found that are missed when nodes are cut in only 
one level as has usually been the custom.’ Pickren 
studied the axillary lymph nodes found by clearing a 
series of 51 radical mastectomy specimens. An average 
of 36 nodes was identified in each specimen.!! The 
nodes in which an original single section had failed to 
reveal metastases were recut in serial sections, which 
revealed occult metastases in 22%. Routine serial sec- 
tioning of nodes is of course not practical, but Pick- 
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TABLE 1. A Comparison of Three Methods of Studying Axillary Lymph Node Specimens from Patients with Columbia Clinical Stage A 
Breast Carcinoma Treated by Haagensen's Radical Mastectomy 


————————————————————————————————————————————————— LLL 
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Average Per Cent 
Average Size Number of Cases 
Number Primary Nodes with Axillary 
Time Period Method of Study of Cases Carcinoma Per Case Metastases 
1935-1950 Hand dissection or multiple 
Haagensen personal series of cases sectioning 201 34.8 mm 19.4 34.3 
1951-1975 Clearing 
Haagensen personal series of cases Pickren technique 317 24.7 mm 32.9 31.8 
1977 — 1979 Clearing 
six surgeons using Haagensen technique Durkin technique 100 26.1 mm 50.3 34 





ren concluded that if nodes are cut at three levels, the 
great majority of these minute occult metastases missed 
when nodes are cut at only one level, would be 
detected. It has since been the custom in our labora- 
tory to cut these three levels in all of our studies of 
lymph nodes. 

In a subsequent 1961 study of this same series of 
patients with occult axillary metastases revealed by 
serial sectioning Pickren reported the five year sur- 
vival rates for those who had occult metastases and 
those who did not." They were 91 and 89%, re- 
spectively. In studying a variety of different factors 
concerned with end results in breast carcinoma the 
senior author (C.D.H.) has found that ten year results 
are usually more significant than five year results. 

It should be pointed out that Pickren's series of 
cleared specimens was derived from patients with 
breast carcinomas classified as earlier Columbia 
Clinical Classification Stage A disease, as well as a 
considerable proportion of patients with more ad- 
vanced clinical Stage B disease. In these patients 
with more advanced carcinoma the proportion with 
axillary lymph nodes containing metastases is higher 
than in patients with clinical Stage A disease. 

For a fair comparison of the merits of hand dissec- 
tion versus clearing of axillary radical mastectomy 


TABLE 2. Numbers of Lymph Nodes and Frequency of Metastases 
in the Six Groups of Axillary Lymph Nodes in 125 Cleared 
Radical Mastectomy Specimens 


Average 
Number Number Per Cent 
Nodes Nodes per with 
Node Group Found Specimen Metastases 
External mammary nodes 169 is 2 
Scapular nodes 814 6.5 10 
Central nodes 1414 11.3 46 
Interpectoral nodes 223 1.8 10 
Axillary vein nodes 1634 13.1 20 
Subclavicular nodes 413 3.3 9 
Totals 4667 37.3 53 


specimens only Columbia Clinical Stage A cases should 
be studied. The senior author's (C.D.H.) 1951 to 1975 
series of Columbia Clinical Stage A cases in which the 
clearing method introduced in our laboratory by Pick- 
ren was used totaled 317 (Table 1). An average of 
32.9 lymph nodes per case was found. Metastases 
were found in 31.8% of the patients. 


An Improved Technique for Clearing Lymph 
Node Dissection Specimens 


During the last two years the junior author (K.D.) 
has developed an improved technique for clearing re- 
gional lymph node dissection specimens which has 
important advantages. It has increased the numbers of 
lymph nodes identified, as well as the per cent of 
metastases detected. Moreover, the time required for 
clearing has been reduced from about a week to 24 
hours. All of these features help the physician who is 
trying to satisfy his worried patient regarding her 
prognosis. 

This improved technique is based on agitation of the 
specimen in ethanol, which clears the lipids from it. 
We use for this purpose a mixing apparatus well 
known to chemists. Figure 2 shows the apparatus with 
the specimen contained in quart thermos flasks filled 
with ethanol. 

The technique of clearing the axillary portion of a 
radical mastectomy specimen must begin in the operat- 
ing room with the surgeon marking the borders of the 
axillary specimen with black silk ties so that the 
pathologist can orient it when it reaches the labora- 
tory. The subclavicular nodes at the apex of the 
axilla are of critical importance in determining the 
patients prognosis and the need for postoperative 
prophylactic irradiation to the axilla and supra- 
clavicular area. If these nodes contain metastases 
the prognosis is very poor and prophylactic irradia- 
tion should certainly be given. Therefore these apical 
nodes must be accurately identified in the surgical 
specimen. It is not enough for the pathologist to 
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therefore forego the opportunity of curing these 
patients with interpectoral node metastases. 


to 
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Coarctation of the Abdominal Aorta 


Current Options in Surgical Management 


JOHN W. HALLETT, JR., M.D., DAVID C. BREWSTER, M.D., R. CLEMENT DARLING, M.D., PATRICK J. OHARA, M.D. 


Coarctation or hypoplasia of the abdominal aorta is a rare 
cause of life-threatening hypertension. In most cases the 
mechanism of hypertension is elevated blood renin levels 
secondary to associated renal artery stenosis. Medical con- 
trol of the hypertension is often difficult, and thus patients 
usually require renal artery revascularization combined with 
aortic bypass or replacement early in life. Current surgical 
management should optimize the use of autogenous methods 
of renal artery reconstruction including saphenous vein 
aortorenal bypass, splenorenal arterial anastomosis, hepato- 
renal saphenous vein bypass, and renal autotransplantation. 
In selected patients the reconstruction can be staged by 
correction of the renal artery stenosis and postponement 
of definitive repair of the aortic coarctation until it be- 
comes hemodynamically significant. 


OARCTATION OF THE ABDOMINAL aorta is rare, 
C accounting for only 0.5-2% of clinically recog- 
nized coarctations of the thoracic and abdominal 
aorta. Controversy continues over whether these 
lesions are congenital or acquired. True congenital 
hypoplasia of the abdominal aorta may be less 
common than acquired tubular stenosis of the aorta 
caused by various types of aortitis.? 

Besides being less frequent than the typical thoracic 
aortic coarctation, coarctation of the abdominal aorta 
generally requires a more extensive and difficult opera- 
tion for correction. Reconstruction is more challeng- 
ing because the stenotic segment of the abdominal 
aorta may be diffuse, extending from the celiac axis 
to below the renal arteries. Associated stenosis of one 
or both renal arteries is also common; and conse- 
quently, surgical correction must often combine re- 
vascularization of the kidneys with bypass or replace- 
ment of the narrowed aorta. 

Recent experience with a teenage male with coarc- 
tation of the abdominal aorta and bilateral renal 
artery stenoses prompted us to consider the surgical 


Reprint requests: R. Clement Darling, M.D., 3 Hawthorne Place, 


Boston, Massachusetts. 
Submitted for publication: September 14, 1979. 


From the General Surgical Services, 
Massachusetts General Hospital and 
Department of Surgery, Harvard Medical School, 
Boston, Massachusetts 





options now available for repair of such lesions. In 
selecting a proper operation, future body growth and 
long-term graft durability are of concern since many of 
these patients must be operated on early in life. 
Several other cases of coarctation of the abdominal 
aorta and associated renal artery disease treated at 
the Massachusetts General Hospital over the past 32 
years are also described to illustrate the evolution 
of surgical management. 


Case Reports 


Case 1. In 1947 this 23-year-old white woman was admitted to 
the Massachusetts General Hospital for the first time with severe 
hypertension (180/120 mm Hg). She had known hypertension since 
age 12. Bilateral radical sympathectomies were performed for 
control of this severe hypertension without benefit. In 1948 coarc- 
tation of the aorta was first suspected. In 1951 she underwent a left 
thoracotomy at another hospital, but no thoracic coarctation was 
found. 

In 1957 at the age of 33 she was admitted to the Massachusetts 
General Hospital for the second time for evaluation of severe 
hypertension (arm 240/130 mm Hg) (ankle 170/110 mm Hg). A sys- 
tolic murmur was heard over the low thoracic and lumbar spine, and 
both femoral pulses were diminished. An aortogram performed via 
the left brachial artery revealed coarctation of the abdominal aorta 
beginning above the origin of the renal arteries with bilateral 
renal artery aneurysms. Serum creatinine was 1.3 mg/dl. On March 
3. 1957 Dr. Robert Linton inserted an aortic homograft bypass 
from the lower thoracic aorta to the distal abdominal aorta and 
resected bilateral renal aneurysms and reconstructed the renal 
vessels with homograft bypasses. Postoperative blood pressure was 
130/70 mm Hg. 

In 1972 a repeat translumbar aortogram showed an occluded left 
renal artery and narrowed right renal artery (Fig. 1). Serum 
creatinine was normal. Since 1972 she has developed recurrent 
hypertension complicated by two cerebral vascular accidents that 
have resolved and chronic congestive heart failure that has been 
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Fic. 1. Case 1. A. This angiogram shows a patent aortic homograft and right renal artery homograft 15 years after correction of a coarc- 
tation of the abdominal aorta with bilateral renal artery aneurysms. The left renal artery homograft has occluded. B. Drawing of angiogram. 


treated medically. Recent reevaluation (22 years after her correc- 
tive operation) shows that the aortic homograft remains patent. 


Comment 


This case illustrates the difficulty in establishing the 
diagnosis of abdominal aortic coarctation prior to the 
clinical availability of arteriography. It also documents 
that the natural history of the abdominal aortic coarc- 
tation and associated renal artery disease can be 
modified by aortic bypass and renal artery reconstruc- 
tion. After this corrective surgery she reared two of her 
own children and has remained active until recently. 


Case 2. In 1960 this 11-year-old white boy was found to have 
asymptomatic hypertension (180/120 mmHg) when he was treated 
for an arm fracture. A loud left periumbilical bruit and mildly 
diminished femoral pulses were noted. An intravenous pyelogram 
was normal. A translumbar aortogram showed a coarctation of the 
abdominal aorta from the level of the celiac axis to the in- 
ferior mesenteric artery. The proximal left renal artery was 
stenotic; the right was normal. On September 1, 1960 the ab- 
dominal aorta and left renal artery were explored through a 
left thoracoabdominal approach. Renal biopsy was normal. The 
abdominal aorta was hypoplastic from the celiac axis to the 


Y—inferior mesenteric artery. A reversed autogenous saphenous 


vein bypass was inserted from the supraceliac aorta to the left 
renal artery (Fig. 2). 


Postoperative blood pressure improved to 110/60 mmHg and re- 
mained normal until age 21 when it increased to 160/100 mmHg. 
Serum creatinine at that time remained normal. An aortogram 
revealed a patent but dilated left aortorenal saphenous vein 
bypass (Fig. 2). Noninvasive lower extremity vascular testing with 
treadmill exercise, segmental leg pressures, and pulse volume 
recordings verified that the coarctation of the abdominal aorta 
was not hemodynamically significant. Blood pressure remained 
normal throughout the hospitalization. He was discharged on no 
medications. 

Recent recheck (19 years after his aortorenal bypass) shows 
a Vigorous-appearing 31-year-old man whose general health is excel- 
lent. He has worked as a construction worker without difficulty. 
He denies leg claudication with walking or running. His arm blood 
pressure is now 148/98 mmHg on no medications. Serum creatinine 
is normal. 


Comment 


This case documents the durability of saphenous 
vein reconstruction of a renal artery stenosis over a 
19-year period. It also shows that the coarctation of 
the aorta has not become hemodynamically significant. 
Finally, the importance of routine follow-up is em- 
phasized as he has again become mildly hyperten- 
sive despite apparent good health. 


Case 3. In 1978 this 13-year-old white boy was found to have 
asymptomatic hypertension when he was treated for an athletic 
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Fic. 2. Case 2. (a, left) Taken ten years after correction of a left renal artery stenosis, this angiogram demonstrates a patent but dilated left 
saphenous vein aortorenal bypass graft originating from the suprarenal aorta. (b, right) Drawing of angiogram. 


injury to his nose. Bilateral brachial blood pressures were equal 
(160/90 mmHg) with a thigh pressure of 120 mmHg. He also had a 
low lumbar and epigastric bruit. An aortogram demonstrated a 
coarctation of the abdominal aorta beginning just below the superior 
mesenteric artery and extending to above the inferior mesenteric 
artery (IMA) (Fig. 3). The origin of the superior mesenteric 
artery was mildly stenotic. Proximal renal artery stenoses were 
also present but worse on the left side. Venous renin samplings 
substantiated that the left renal artery stenosis was a hemo- 
dynamically significant lesion and a probable cause of the hyper- 
tension. The aortic coarctation did not appear to be hemo- 
dynamically significant since noninvasive lower extremity vascular 
testing after treadmill exercise was normal. Initial medical control 
of the hypertension required propranolol 40 mg q.i.d., hydralazine 
75 mg q.i.d. and furosemide 20 mg b.i.d. Serum creatinine 
was normal. 

Control of severe hypertension and preservation of future renal 
function were of imperative concern. On August 11, 1978 an end-to- 
end left splenorenal arterial bypass was constructed through a 
left thoracoabdominal incision. Biopsy of the left renal artery 
revealed focal intimal hyperplasia at the stricture site (Fig. 4A). 
Early postoperative hypertension was severe (210/100 mmHg) and an 
emergency renal scan showed no perfusion of the left kidney with a 
normal-appearing right kidney. Re-exploration revealed an infarcted 
left kidney with a patent arterial anastomosis but a recent left 
renal vein thrombosis. A left nephrectomy was performed. Hyper- 
tension continued and again required chronic antihypertensives. 
Serum creatinine rose to 3.1 mg/dl. 

Because of persistent hypertension and early chronic renal 
insufficiency, it was elected to correct both the suprarenal aortic 
coarctation and right renal artery stenosis. The patient under- 
went resection of the coarctation of the abdominal aorta, inser- 
tion of a 14 mm knitted Dacron* tube graft below the superior 
mesenteric artery to above the inferior mesenteric artery, and 
autotransplantation of the right kidney to the lower abdominal 


aorta and inferior vena cava. Insertion of the tube graft re- 
quired temporary aortic cross-clamping at the level of the dia- 
phragm since the proximal anastomosis was constructed just 
inferior to the origin of the superior mesenteric artery. The right 
kidney was protected with chilled renal profusate of Ringer's 
lactate, heparin, and mannitol until autotransplantation was 
completed. 

Histologic exam of the resected aorta demonstrated nodular 
intimal hyperplasia (Fig. 4B). No aortitis or fibromuscular dys- 
plasia was seen. Postoperative blood pressure returned to normal 
range in approximately ten days and serum creatinine fell to 1.9 
mg/dl. The patient was subsequently discharged on no anti- 
hypertensives. 


Comment 


This case illustrates that combined correction of the 
aortic coarctation and renal artery stenosis by Dacron 
aortic tube graft replacement and right renal auto- 
transplantation can effectively control hypertension 
and actually improve deteriorated renal function. Auto- 
transplantation was selected to move the right kidney 
away from the segment of stenotic aorta and revas- 
cularize it by an autogenous method. 


Discussion 
Pathogenesis 


The cause of abdominal aortic coarctation remains 
unclear. Some lesions appear to be congenital hypo- 
plasia of the aorta and its visceral branches.!'?* This 
group usually presents with asymptomatic hyperten- 
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Fic. 3. Case 3. (A, left) This preoperative aortogram shows bilateral proximal renal artery stenoses in addition to coarctation of the abdominal 
aorta beginning below the superior mesenteric artery. (B, right) Drawing of angiogram. 


sion discovered in childhood or in adolescence. The 
external diameter of the abdominal aorta is narrowed 
and proximal artery stenosis is often present. Intimal 
hyperplasia is the main nonspecific pathologic finding 
(Case 3, Fig. 4). A second common cause is acquired 
obliterative panarteritis, found particularly in young 
females and called Takayasu's disease.?!5 These 
patients present with hypertension, aortic occlusive 
disease, and sometimes associated carotid —subclavian 
occlusive lesions. A third pathologic cause of ab- 
dominal coarctations is fibromuscular dysplasia.’ In 
many cases it is impossible to clearly define the 
original etiologic factor, since the end-stage pathologic 
changes are nonspecific and can appear quite similar. 

Regardless of the pathogenesis, abdominal aortic 
coarctations may be associated with life-threatening 
hypertension early in life.'? The primary mechanism of 
hypertension in these patients is probably elevated 
plasma renins, secondary to renal artery stenosis, 
which occurs in about 80% of abdominal coarcta- 
tions.?'?:? The other 20% of patients have normal- 
appearing renal arteries, but the coarctation begins 
above the renal vessels and thus renal blood flow may 
be diminished. Because untreated patients frequently 
die in their early thirties from cardiac failure and 
cerebral hemorrhage, aggressive medical management 
and often operative intervention become necessary in 
the second or third decade of life.':»913.14.16.17 


Diagnostic Features 


The diagnosis of abdominal aortic coarctation must 
be considered in any young hypertensive patient with 
the triad of a thoracoabdominal bruit, diminished 
femoral pulses, and lack of the characteristic clinical 
and radiologic signs of the more common thoracic 
coarctation. Other authors have discussed these clini- 
cal features in detail.!?!*'5 Aortography is not only 
diagnostic but also necessary to define the sites of 
stenosis prior to any operation. Failure to perform 
aortograms has resulted in several negative thoracot- 
omies in young hypertensives with thoracoabdominal 
bruits, diminished femoral pulses, and assumed 
thoracic aortic coarctation (refs. 14, 16, Case 1). Our 
first case report from years prior to the availability of 
angiography also emphasizes the value of this critical 
step in making the correct diagnosis. 

In addition to defining the anatomy of these legions, 
the hemodynamic significance of both the aortic coarc- 
tation and renal artery stenosis must be determined. 
Intermittent leg claudication is usually not a problem 
in younger patients but may become manifest in later 
life. Baseline vascular testing with measurement of 
ankle pressures and pulse volume recordings at rest 
and after exercise is the most accurate noninvasive 
way to define the hemodynamic significance of the 
aortic narrowing. Serial exams can then detect progres- 
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Fic. 4. Case 3. (A, left) Focal intimal hyperplasia is partially occluding the proximal left renal artery (11x). (B, right) Intimal hyperplasia 


also appears in the coarcted segment of aorta (34x). 


sive stenosis in the coarcted area. The functional 
significance of any renal artery stenosis can be deter- 
mined by measurement of selective renal vein levels.'? 


Nonoperative Treatment 


In nearly all cases of a coarctation of the abdominal 
aorta, hypertension is the main problem that brings the 
patient to medical attention.9:1?:!^ Medical control of the 
high blood pressure, which is usually related to renal 
artery stenosis, is often difficult with current anti- 
hypertensives.9"" Since the primary mechanism of 
hypertension appears to be related to elevated renin 
output, the new angiotensin II inhibitors may someday 
prove more effective in these patients and allow post- 
ponement of definitive renal revascularization in the 
very young. 

Another future method of nonoperative control of 
hypertension secondary to renal artery stenosis may be 
provided by intraluminal dilatation with either graded 
catheters or inflatable balloon-tip catheters passed 
into the stenotic area by percutaneous transfemoral 
puncture and manipulated into position under fluoro- 
scopic guidance.!! 


Surgical Management 


At the present time the majority of patients with 
coarctation of the abdominal aorta and severe hyper- 
tension require some type of aortic reconstruction and 
renal artery revascularization. The primary indication 
for operative intervention has been persistent, severe 
hypertension uncontrolled by medication. Disabling 
leg claudication or limb-threatening ischemia has not 
been a common clinical problem in these patients. 


Likewise acute or chronic intestinal ischemia from 
stenosis of the celiac axis, superior mesenteric 
artery, or inferior mesenteric artery has not been an 
important indication for surgery. Stenosis of one or 
more mesenteric arteries is relatively common when 
the abdominal coarctation is diffuse; however, it is 
rarely symptomatic. 

Since many of these patients are young when aortic 
or renal artery revascularization becomes necessary, 
the proper operation must be selected with future 
body growth and long-term graft durability in mind. 
Several principles of surgical management are helpful 
in obtaining the two primary goals of treatment: 
control of hypertension and preservation of renal 
function. 

First, one must determine whether aortic reconstruc- 
tion and renal artery repair need to be accomplished 
at one operation. Staged reconstructions may be 
appropriate in some cases. For example, a left renal 
artery stenosis might be corrected by an autogenous 
saphenous vein aortorenal bypass originating from 
the suprarenal aorta as in Case 2. No synthetic 
aortic prosthesis need be implanted unless the aortic 
coarctation becomes hemodynamically significant. 
Other authors have recommended a single operation 
to correct all lesions.?* The proper timing and sequence 
for reconstruction of the aorta and renal arteries must 
obviously be individualized. 

Second, renal artery revascularization should ideally 
be accomplished by autogenous methods such as 
saphenous vein aortorenal bypass, saphenous vein 
hepatorenal bypass, splenorenal arterial anastomosis, 
or renal autotransplantation. In some cases the hypo- 
gastric artery can be harvested and used as a by- 
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Fic. 5. Surgical options for coarctation of abdominal aorta (Table 1). 


pass graft. Synthetic materials should be avoided in 
children and young adults. Dacron patency rates for 
renal artery reconstruction in other series of abdominal 
coarctations appear satisfactory for early follow-up 
periods, but the durability beyond ten years is un- 
known.'?5 No long-term information is available on 
newer graft materials such as polytetrafluoroethylene 
or umbilical vein used for renal artery reconstruction. 

Third, when aortic replacement or bypass is neces- 
sary, the most durable synthetic material should be 
selected. Currently our choice would be a knitted 
Dacron prosthesis. In addition we prefer braided poly- 
ester suture for aortic anastomoses since the long- 
term durability of monofiliament sutures such as poly- 
propylene is not known. When the coarctation is 
easily resectable, we consider anatomic, end-to-end 
aorta to graft anastomosis to be hemodynamically 
more sound than onlay bypasses.* Other alternatives 


for aortic bypass in these cases have been thoraco- 
abdominal aortic bypass,*® extra-anatomic axillo- 
femoral grafts,^ and a Dacron bypass from the 
ascending aorta to the distal abdominal aorta or 
iliac arteries via a median sternotomy.!® 

The current surgical options for abdominal aortic 
coarctations depend not only on the severity of the 
coarctation itself but also whether one or both renal 
arteries are stenotic. Since hypertension is the primary 
clinical problem in these cases, Figure 5 shows vari- 
ous surgical choices based upon whether the mecha- 
nism of hypertension is secondary to a suprarenal 
coarctation or renal artery stenosis, or a combination 
of the two lesions. For surgical purposes four basic 
groups exist (Table 1): Type I, suprarenal coarcta- 
tion and renal artery stenosis; Type II, infrarenal 
coarctation and renal artery stenosis; Type III, supra- 
renal coarctation and normal renal arteries; and Type 
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TABLE 1. Surgical Options for Coarctation of the Abdominal Aorta 
and Renal Artery Stenosis 





Suprarenal Coarctation and Renal Artery Stenosis 
thoracoabdominal aortic bypass graft 
renal artery bypasses 


Infrarenal Coarctation and Renal Artery Stenosis 
right renal stenosis 
hepatorenal bypass 
aortic reconstruction and saphenous aortorenal bypass 
aortic reconstruction and renal autotransplantation 
left renal stenosis 
splenorenal arterial anastomosis 
saphenous aortorenal bypass 
aortic reconstruction and renal autotransplantation 
bilateral renal stenoses 
staged combinations of the above 


Suprarenal Coarctation and Normal Renal Arteries 
thoracoabdominal aortic bypass with retrograde aortic flow to 
the kidneys 


Infrarenal Coarctation and Normal Renal Arteries 
aortic reconstruction if significant lower extremity 
claudication or ischemia present 





IV, infrarenal coarctation and normal renal arteries. 
The first three types require some form of operation to 
improve renal blood flow. In Type IV renal blood 
flow is normal and aortic reconstruction is indi- 
cated only if incapacitating lower extremity claudica- 
tion or ischemic symptoms are present. 

In the presence of a diffuse suprarenal coarcta- 
tion and renal artery stenosis (Type I), a thoraco- 
abdominal aortic bypass and simultaneous renal artery 
bypass(es) are required (Fig. 5). The aortic bypass can 
be inserted end-to-side in the normal lower thoracic 
aorta, tunneled through the diaphragm and retro- 
peritoneum, and anastomosed end-to-side to the distal 
abdominal aorta. Exposure for this procedure can be 
gained by either a left thoracoabdominal incision or a 
separate left anterolateral thoracotomy through the 
seventh intercostal space and a midline abdominal 
incision. The renal artery stenoses can be cor- 
rected at the same operation by saphenous vein 
bypass grafts connected to the normal inferior ab- 
dominal aorta or attached to the Dacron bypass. 
We recommend anastomosis of saphenous renal grafts 
to normal aorta when possible since occlusion of a 
long thoracoabdominal aortic bypass with attached 
renal artery bypasses would result in acute, severe 
renal ischemia. 

The second major group (Type II) is a combination 
of renal artery stenosis and infrarenal coarctation. The 
greatest variety of surgical options are available for 
this group (Table 1, Fig. 5). If the aortic coarcta- 
tion in this situation is not hemodynamically signif- 
icant by noninvasive vascular testing, the aortic coarc- 
tation can be left alone and the renal artery stenosis 
managed by several different autogenous methods 
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that use normal celiac branches or the distal thoracic 
aorta above the coarctation. For example, a left renal 
artery stenosis can be corrected by either end-to- 
end splenorenal arterial anastomosis (Case 3) or by 
a saphenous vein aortorenal bypass (Case 2), both 
constructed through a left thoracoabdominal in- 
cision.” On the right side the hepatic branch of a 
normal celiac axis can be used to construct a saphenous 
vein hepatorenal bypass." Autotransplantation of 
either kidney combined with aortic replacement is 
useful when one wants to avoid a prosthetic by- 
pass, and other autogenous methods are not fea- 
sible.*!'*!* When bilateral renal artery stenoses are 
present, staged renal artery reconstruction by a com- 
bination of autogenous techniques should be con- 
sidered. The infrarenal aortic coarctation should be 
corrected when one plans renal autotransplantation 
or aortorenal bypass below the coarctation. 

The second and less common cause of hyperten- 
sion in cases of abdominal aortic coarctation is 
simply a suprarenal coarctation with normal renal 
arteries (Type III, Fig. 5). This pattern of disease 
can be successfully managed by a thoracoabdominal 
aortic bypass that allows retrograde flow up the aorta 
into normal renal arteries and thus improves the 
previously diminished renal blood flow.®!7 

The final method of controlling severe, persistent 
hypertension would be nephrectomy if renal biopsy 
shows end-stage renovascular disease. If bilateral 
nephrectomies become necessary, the patient should 
be evaluated for renal transplantation. 

Although the celiac axis and superior mesenteric 
artery can be stenotic, the inferior mesenteric artery 
is rarely involved and generally provides adequate 
collateral flow to the intestines if the celiac axis and 
superior mesenteric artery are stenotic. Consequently 
visceral artery reconstruction is seldom necessary. 
Care must always be taken to preserve or reimplant 
the inferior mesenteric artery in these cases. 

Review of our recent and past experience at the 
M.G.H. with coarctation of the abdominal aorta and 
associated renal artery stenosis indicates that long- 
term control of hypertension and preservation of renal 
function can be attained by surgical methods. For 
correction of renal artery stenosis in young patients, 
we encourage wider use of autogenous methods such 
as splenorenal and hepatorenal bypasses, saphenous 
vein aortorenal bypass, and in a few cases, renal 
autotransplantation. 
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Early Experience with Percutaneous Transluminal 
Angioplasty Using a Vinyl Balloon Catheter 


ERNEST J. RING, M.D.,* JEFFREY R. ALPERT, M.D.,t DAVID B. FREIMAN, M.D.,* JUAN A. OLEAGA, M.D..* 


HENRY BERKOWITZ, M.D.,t BROOKE ROBERTS, M.D.t+ 


The technique of transluminal dilatation of arterial stenoses 
has been greatly facilitated with the recent development of the 
vinyl balloon catheter by Gruntzig. Since these catheters be- 
came available to us in early 1978, we have utilized them to 
attempt dilatation of 62 arteries, including iliac, femoral and 
renal vessels. Immediate success was achieved in 57 of these 
vessels. There were five early complications (two distal em- 
bolizations and three prompt occlusions) and three late com- 
plications (two restenoses and one occlusion at ten days). The 
occlusions were all treated promptly surgically with good 
results and the stenoses redilated. Noninvasive pressure 
measurements were obtained on all patients whose iliac or 
femoral arteries were dilated both before and after the 
procedure, with objective improvement demonstrated by this 
method. The procedure itself is well tolerated by patients. It 
involves only minimal discomfort and risk and a markedly 
shortened hospital stay. The procedure can be easily accom- 
plished by physicians who are thoroughly familiar with routine 
femoral catheterization techniques and it is believed that this 
technique will have a definite place in the future therapy of 
many cases of arterial stenosis. 


OTTER AND JUDKINS first demonstrated in 1964 
D that atherosclerotic plaques could be modified 
by passing large angiographic catheters coaxially 
through a narrowed and diseased arterial lumen.! 
In a series of clinical and experimental studies they 
demonstrated that the atherosclerotic mass was com- 
pressed, compacted and remodelled during the passage 
of the catheters and that this resulted in an in- 
creased luminal diameter without enlarging the artery 
itself.^?^ This new technique of transluminal angio- 
plasty was then applied in certain clinical situa- 
tions to renew blood flow to ischemic limbs.*^ 

The coaxial catheter technique of angioplasty has 
been criticized because of local complications which 
occurred at the puncture site when such large 
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catheters (12F) were introduced percutaneously. In 
addition, objections were raised to the potential 
damage caused by the shearing force applied as 
the large catheter is advanced through the lesion. 
Moreover, technical limitations at the puncture site 
preclude dilatations to greater than 4 mm which is 
usually inadequate for large diameter iliac vessels 
and generally limited the application of the tech- 
nique to femoral artery dilatations. Gruntzig re- 
cently described a dilating balloon catheter for per- 
forming transluminal angioplasty. Using this catheter, 
angioplasties could be performed not only in the 
superficial femoral artery but the technique could be 
extended to lesions in the iliac, renal and coronary 
arteries.‘ Since March 1978, we have employed the 
Gruntzig balloon catheter for dilatations of 62 blood 
vessels. This report reviews the early results of this 
experience. 


Materials 


Percutaneous balloon catheter angioplasty was at- 
tempted for therapy of obstructive lesions in 62 blood 
vessels in 51 patients (Table 1). There were 32 men 
(mean age: 56 years) and 19 women (mean age: 61 
years). The group included 11 diabetics, 38 cigarette 
smokers, and three patients with proven hyper- 
lipidemias. In 13 patients there was associated hyper- 
tension. The presenting complaints were claudication 
in 49 lesions and gangrene in 13 others. Fifty-four 
high grade stenoses and eight occludions were suc- 
cessfully catheterized so that dilatation could be 
attempted. In nine additional vessels, balloon dilata- 
tion could not be performed because the wire and 
catheter could not be advanced through the obstruct- 
ing lesions. The latter include four stenoses and five 
complete occlusions. 
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TABLE 1. Dilatations Attempted 


——— eee 


Autog- 

Super- enous 

Common ficial Vein 
Iliac Femoral Femoral Graft Total 


—————————— 


Dilatations attempted 36 3 15 8 62 
High grade stenosis 34 3 9 8 54 
Occlusions 2 0 6 0 8 
Claudication 32 2 10 5 49 
Limb salvage 4 l 5 3 13 


———————————————————— 


Technique 


In each case a complete angiographic examination 
was performed first to portray the vascular anatomy 
of the abdominal aorta and peripheral vessels. When- 
ever an iliac artery stenosis was suspected the 
angiographic procedure was performed via retrograde 
femoral catheterization through the symptomatic 
side. This permitted pressure measurements above 
and below any angiographically demonstrated luminal 
narrowing to assure its hemodynamic significance. In 
addition, if it was decided that angioplasty should 
be attempted for management of the stenosis the 
dilatation could then be readily performed at the 
same setting by exchanging the diagnostic catheter for 
the balloon catheter. 

Dilatations of the superficial femoral artery were 
performed via an antegrade puncture of the common 
femoral artery as a separate procedure 24—48 hours 
after the initial diagnostic arteriogram. Dilatations of 
the vessels near the groin (distal external iliac, 
. common femoral and profunda femoris arteries) were 
performed through a contralateral approach. A pre- 
shaped selective catheter was introduced through the 
opposite femoral artery and advanced across the aortic 
bifurcation through the lesion. The selective catheter 
was then exchanged for the balloon catheter over a long 
exchange wire (200 cm) (Fig. 1). 

The critical step in performing safe transluminal 
angioplasty is the passage of the guidewire through the 
true lumen of a stenosis or the potential lumen of a 
complete obstruction (Fig. 2). When the lesion is a 
stenosis, this can usually be accomplished with a floppy 
“J”? tipped guidewire advanced cautiously under 
fluoroscopic observation. In the presence of an oc- 
clusion, a straight guidewire with a tapered mandrill, 
in our experience, is the easiest way to advance 
through the obstruction. Occasionally, the guidewire 
takes a periatheromatous course when passing through 
a total obstruction. Dilatation of such a periathero- 
matous channel will not remain patent and will soon 
rethrombose. Furthermore, once this occurs, success- 
ful recannalization becomes impossible. 
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After the guidewire has passed through the obstruc- 
tion, the dilating balloon catheter is advanced over it 
to a point 3-4 cm distal to the lesion. The balloon 
is then positioned so that its center is adjacent to the 
narrowed area and inflated to a pressure of approxi- 
mately 4 atmospheres; then deflated. Inflation pumps 
are available to facilitate rapid inflation and defla- 
tion of the balloon and permit constant monitoring of 
the pressure within the balloon. Longer lesions may 
require multiple inflations along the full length of the 
diseased area. 

After the dilatation has been completed a repeat 
arteriogram is performed through the dilating catheter 
to assess the altered appearance of the lumen at the 
site of the angioplasty. The catheter is then removed 
and the puncture site compressed manually for 10—15 
minutes. The patient is kept at bed rest for eight 
hours and then exercised to tolerance. Base line, post 
dilatation, Doppler and pulse volume recordings are 





\ 


Fic. 1. A preshaped (Cobra) catheter is introduced through the oppo- 
site femoral artery and advanced into the superior mesenteric artery. 
Once the catheter has advanced 8—0 cm into the superior mesenteric 
artery it begins to buckle in the aorta. Continued advancement of 
the catheter causes further buckling until the catheter finally with- 
draws from the superior mesenteric artery forming a long loop in 
the aorta. The loop is then brought down under fluoroscopic guidance 
and directed through the lower abdominal aorta across the aortic 
bifurcation to a point near the stenosing lesion. A floppy “J” guide- 
wire is then introduced into the catheter and advanced through the 
lesion. The selective catheter is maneuvered over the wire past the 
stenosis. A long exchange wire (200 cm) is placed through the se- 
lective catheter to a point 4—5 cm distal to the lesion. The original 
selective catheter is then removed leaving the wire in place and 
the balloon catheter is introduced and follows over the wire. Once 
the balloon has been positioned adjacent to the lesion it is inflated 
in the usual manner. 
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FiG. 2. A catheter is introduced percutaneously through the femoral 
artery retrograde for iliac artery dilatations or antegrade for femoral 
artery dilatations. It is further advanced to a point near the region of 
the vessel to be dilated. A floppy `J shaped guidewire is advanced 
through the lesion. The catheter is advanced over the wire until 
the balloon is positioned adjacent to the atherosclerotic area. The 
balloon is then inflated to a pressure of 4—5 atmospheres and quickly 
deflated. A repeat arteriogram is then performed to assess the change 
in patency of the lumen. 


obtained and these are repeated at three month 
intervals. 

Various anticoagulation regimens have been used in 
association with the procedure. Gruntzig routinely 
places all patients on heparin. He administers 5000 
units of heparin through the angiographic catheter 
after it has traversed the lesion and maintains total 
heparinization until full coumadin therapy has been 
instituted. Platelet inhibition with aspirin is begun 24 
hours before the procedure and the patient is then 


TABLE 2. Immediate Results 





Autog- 

Super- enous 

Common ficial Vein 
Iliac Femoral Femoral Graft Total 





Catheterizations 

attempted 43 3 17 8 71 
Vessels catheterized 

and angioplasty 

attempted 36 3 15 8 62 
Restoration distal 

pulses 32 
Acute thrombosis 3 
No change in lumen l 
Embolus l 
Perforation l 
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maintained on aspirin and coumadin for at least six 
months. 

The anticoagulation regimen in our series was limited 
to a single dose of 5000 units of heparin through the 
angiographic catheter followed by long-term aspirin 
(600 mg B.I.D.). For lesions in the femoral arteries, 
we also injected xylocaine (50 mg) to relieve spasm 
that may have been produced in the popliteal vessels. 
In addition, 25 mg of tolazoline (prisoclinet), a vaso- 
dilator, is injected through the catheter. 


Results 


The immediate results of the balloon catheter 
dilatation are summarized in Table 2. There was 
improvement or restoration of distal pulses in 57 of the 
62 vessels dilated. Thirty-two femoral pulses were 
improved following iliac dilatation, 18 popliteal pulses 
were restored following femoral dilatations and in 
seven cases pedal pulses were restored following dila- 
tation of stenoses in autogenous vein bypass grafts. 
In three cases high grade stenoses became complete 
occlusions and in two others the procedure did not 
cause any angiographic or clinical change in the status 
of the vessel. Postdilatation arteriography demon- 
strated increased luminal diameter in all successful 
cases. Pressure recordings obtained before and after 
the angioplasty showed a mean predilatation pres- 
sure index of 0.64 (SD; 0.17) and a postdilatation 
index of 0.85 (SD 0.12). 

All patients were re-examined at three month inter- 
vals by the referring member of the vascular sur- 
gery section. Repeat arteriography was not obtained 
routinely but pressures were recorded during follow-up 
visits. Thirty-six dilated vessels have been followed 
up to three months, 13 vessels three to six months, 
and seven vessels six to nine months. During this 
interval there have been three restenoses, and one 
late occlusion. Fifty-three of the 57 successfully dilated 
vessels have continued to be asymptomatic and 
maintain distal pulses during the follow-up. 

Complications from the procedure included the 
three early occlusions already mentioned and two 
instances of embolization. In one case, the emboliza- 
tion was to the popliteal artery and followed suc- 
cessful recannalization of a completely occluded 
femoral artery segment. This was managed by pop- 
liteal embolectomy and the patient has remained free 
of symptoms. The second embolization was during an 
attempted dilatation of a completely occluded common 
iliac artery. The dilatation was unsuccessful. The 
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patient underwent an embolectomy and endarterec- 
tomy and has recovered uneventfully. 


Discussion 


The balloon catheter developed by Gruntzig is con- 
structed of polyvinyl chloride. This low compliance 
material can be inflated to a relatively specific diameter 
and applies a high pressure (4 atmospheres) to an ather- 
osclerotic plaque without great danger of over disten- 
tion of the vessel or balloon. Various forms of the 
catheter are available for use in the femoral, iliac, renal 
and coronary arteries. The relatively small outer diam- 
eter (7 or 9F) results in few complications at the punc- 
ture site and may even be introduced through the axil- 
lary artery if necessary. The material is soft so that 
it can be advanced over a guidewire around acute 
bifurcation angles to dilate contralateral iliac or com- 
mon femoral arteries or into branch vessels such as 
the renals. Unlike the coaxial catheter technique which 
acts by applying force along the long axis of the ather- 
osclerotic and diseased vessel, the force created by 
the balloon is directed perpendicular to the wall and 
the plaque. Balloon catheters are available in varying 
diameters up to 9mm which is an adequate lumen for 
even the largest diameter iliac artery. 

While the true role of balloon catheter angioplasty 
in the management of ischemic atherosclerotic disease 
will be best determined when more data can be ob- 
tained concerning long-term benefits, early experience 
suggests that certain lesions are well suited for this 
form of therapy. Short segmental lesions of the iliac 
arteries which might otherwise be treated by endarter- 
ectomy appear to respond very well to transluminal 
dilatation. In our own experience, lesions of less than 
2 cm in the iliac arteries were universally successfully 
dilated (23 of 23) and in no case has this type of lesion 
recurred (Fig. 3). The angioplasty approach to lesions 
in the iliac arteries is especially useful in patients with 
combined iliac and femoral artery disease. The added 
inflow which is provided by the transluminal dilatation 
can enhance the success of a subsequent operative 
femoropopliteal bypass graft (eight cases). 

Stenoses which occur within vein grafts or near vas- 
cular anastomoses appear to respond well to dilatation 
(seven of eight) (Fig. 4). If these lesions are diagnosed 
early by noninvasive tests the transluminal approach 
may be useful for salvaging grafts which would other- 
wise be doomed to failure. Relatively short occlusions 
or stenoses of the superficial femoral artery also re- 
sponded well to angioplasty (Fig. 5). All 12 lesions 
which were shorter than 7 cm in length were success- 
fully dilated. Restenosis only occurred in one of these 
cases and was successfully redilated. Lesions of longer 
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Fics. 3a and b. (a, left) An abdominal aortogram performed on a 
53-year-old man with severe claudication ofthe right lower extremity 
demonstrates a localized high grade stenosis of the right common 
iliac artery (arrow). A 30 mmHg mercury pressure gradient was 
demonstrated across the lesion. (b, right) Following dilatation with 
an 8 mm balloon, the arteriogram was repeated. There is now wide 
patency of the lumen at the point of the stenosis. Pressure tracings 
obtained as the catheter was withdrawn across the lesion showed 
complete elimination of the gradient. 


than 10 cm are less favorable with delayed thrombosis 
occurring in one of three cases. 

The complications of transluminal angioplasty in- 
clude: acute thrombosis, vessel perforation and distal 
embolization. Acute occlusions occurred in three of 
the 44 iliac vessels attempted in our patients and in 
none of the femoral artery dilatations. In no case did 
the conversion of a stenotic lesion to a complete ob- 
struction constitute a surgical emergency. The lesions 
being dilated were all hemodynamically significant 
prior to the procedure and existing collaterals were 
adequate to maintain viability after the occlusion. All 
three patients were treated successfully surgically and 
in no case did the occlusion alter the subsequent pro- 
cedure. Perforation of the guidewire and catheter 
through the wall of the superficial femoral artery will 
not result in serious hemorrhage since proximal control 
can be achieved by manual compression in the groin. 
However, if a catheter should penetrate the wall of a 
pelvic vessel, retroperitoneal hemorrhage could ensue. 
Force should never be applied advancing catheters 
through diseased iliac arteries. Embolization of the 
atherosclerotic material represents a potential serious 
complication but is relatively infrequent (2 of 62 dilata- 
tions). In each case is was successfully managed by 
embolectomy. 
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Fics. 4a—d. A 61-year-old diabetic women with recurrent claudication of the right lower extremity. She had multiple previous vascular 
reconstructions including one previously thrombosed femoral popliteal vein graft and several revisions for stenoses of a second graft. (a) A right 
femoral arteriogram demonstrates high grade stenosis at the proximal anastomosis of the vein graft (arrow). (b) There is narrowing of the 
popliteal artery immediately distal to the distal anastomosis (arrows). Doppler pressure indices showed significant gradients at both these 
levels. (c) The proximal anastomosis was dilated with a 6 mm balloon introduced through the left femoral artery and advanced around the 
aortic bifurcation. (d) The following day the distal anastomotic region was dilated to 4 mm by antegrade catheterization through the vein 
graft. Following the second procedure there was a return of dorsalis pedis pulse and marked improvement in the pressure indices. 


Balloon catheter angioplasty offers an alternative ap- 
proach to the management of ischemic disease in se- 
lected patients. The procedure can be accomplished 
by physicians who are already thoroughly familiar with 





FiGs. 5a and b. (a, left) A left femoral arteriogram demonstrates 
occlusion of the distal popliteal artery with reconstitution 4 cm dis- 
tally. (b, right) A guidewire passed through the obstruction without 
difficulty and the segment was dilated to 4 mm with a balloon cathe- 
ter. A repeat arteriogram was performed through the catheter after 
it had been withdrawn to a point above the lesion. This demon- 
strated continuity of flow through the lumen of the popliteal artery. 
Following the procedure there was return of palpable posterior tibial 
and dorsalis pedis pulses. 


routine catheter techniques, however, it is important 
to emphasize that these techniques should not be at- 
tempted without going through a learning process under 
guidance. When successful, it is well tolerated by the 
patients, involves only minimal discomfort and can 
markedly shorten hospital stay. When the procedure 
is unsuccessful elective surgery reconstruction can then 
be performed. Emergency operative intervention for 
complications of the procedure is only rarely necessary. 
However, in order for the procedure to be performed 
safely and provide maximum benefits to patients, there 
must be a close cooperation between the vascular sur- 
geon and radiologist. 
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Modification and Morphology of Human Umbilical Cord 
Vein as Canine Arterial Bypass Grafts 


KENSUKE ESATO, M.D., KIYOSHI SHINTANI, M.D., SHUNSUKE YASUTAKE, M.D. 


Human umbilical cord veins treated with various concentra- 
tions of glutaraldehyde (GA) and ethanol (ET) were used to 
replace short segments of the infrarenal abdominal artery in 
40 dogs. The patency rates were 62.5% (5/8) in Group I; tanned 
with 1% GA for 24 hours and preserved in the same solution 
87.5% (7/8) in Group II; tanned with 1% GA for 24 hours 
and preserved in 50% ethanol, 100% (8/8) in Group III; tanned 
in the same manner as Group II, but preserved in 70% ET; 
87.5% (7/8) in Group IV; tanned with 0.5% GA for 24 hours 
and preserved in 50% ET, and 87.5% (7/8) in Group V; tanned 
as in Group IV but preserved in 70% ET when examined 
14 days to 6 months after implantation. Angiographically, most 
of the anastomotic lines gradually contracted with the lapse 
of time because of excessive proliferation of connective tissue 
into the intraluminal surfaces, although the structural integrity 
of the graft was well preserved. Microscopically, the irregular 
fibrin membrane covering the entire inner surface of the graft 
became smoother and thinner with the lapse of time. The 
pannus increased gradually both in thickness and width. Scan- 
ning electron-micrography of the graft revealed that no endo- 
thelial cells were found more than 5 mm from the suture lines 
even 6 months after implantation. Antigenicity of the graft 
using a complement-dependent cytotoxicity test was effectively 
suppressed with glutaraldehyde regardless of whether its con- 
centration was 0.5% or 1.0%. Although human umbilical cord 
vein tanned with 0.5% glutaraldehyde and preserved in 50% 
ethanol until used was considered to be useful as an arterial 
substitute, final conclusion could not be drawn since six grafts 
followed for six months, the longest follow-up, were stenotic. 


HOUGH AUTOGENOUS SAPHENOUS veins are pre- 
T ferred for mid-sized and small artery replacement, 
they are often unavailable for patients with severe is- 
chemic limbs. Therefore, less desirable prosthetics 
such as Dacron® must be considered in spite of the 
poor results such as less than 20% patency rates after 
five years." Problems, such as increasing failure rates 
with decreasing vessel caliber, high failure rates from 
infection, degradation of graft material, and develop- 
ment of neointimal fibrous hyperplasia have not yet 
been solved. 
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Sauvage and coworkers!! reported a case with an 
endothelialized flow surface— complete healing— of 
an arterial graft (implanted for 20 months in an axillary- 
femoral bypass) at points far removed from the anasto- 
mosis. Therefore, the complete healing of arterial grafts 
in man is an attainable goal. Dardik and coworkers! 
developed the use of the human umbilical cord vein 
(HUCYV) as an arterial substitute. Their clinical study 
yielded patency rates of 84.8%, 74.0% and 49.6% re- 
spectively for popliteal, tibial and peroneal reconstruc- 
tions followed for 20 months.” However, there are no 
reports on the optimal concentration of glutaraldehyde 
with which the human umbilical cord vein is treated 
or the histological evaluation of the intraluminal surface 
of such grafts. 

In this study, glutaraldehyde-treated human umbilical 
cord veins were evaluated histologically and the best 
method of modification of this graft was determined. 


Materials and Methods 


Human umbilical cord veins removed after normal 
deliveries were thoroughly irrigated in 500 ml of Ringer’s 
lactate solution with 1000 units of heparin sodium and 
glass rods were inserted. These grafts were treated 
with the following techniques: Group I, tanned with 
1% glutaraldehyde (GA) and preserved in the same 
solution; Group II, tanned with 1% GA for 24 hours 
and preserved in 50% ethanol (ET); Group III, tanned 
in the same manner as Group II, but preserved in 70% 
ET; Group IV, tanned with 0.5% GA for 24 hours 
and preserved in 50% ET; and Group V, tanned as 
in Group IV but preserved in 70% ET. 

Forty adult mongrel dogs weighing between 7.0 and 
15 kg were used. The animals were anesthetized with 
intravenous thiamylal sodium (10 mg/kg of body weight) 
and maintained on a respirator. The animals were 
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Fic. 1. Aortograms after replacement. Arrows indicate the anastomotic lines. (A) After 3 months. No stenosis is seen. (B) After 2 weeks. 
Slight to moderate narrowing. (C) After 6 months. Severe stenosis of the proximal end of the graft is shown. 








: D S eee. 
TEAM ETETE NEAN 


Fic. 2. Internal surfaces of HUCV grafts opened longitudinally. (A) Two weeks after implantation. A nearly homogeneous reddish fibrin 
membrane is seen over the entire surface. (B) After a month. At both ends of the graft, pannuses have grown from the aortic intima of the 
host. The fibrin membrane is gradually turning into a glossy, yellowish sheet. (C and D) Three and six months after implantation, respectively. 
The pannus is extending. 
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FiG. 3. Photomicrographs of a longitudinal section of a HUCV graft two weeks after replacement (Hematoxylin and eosin). (A) The structural 
integrity of the graft is well preserved. An arrow indicates the anastomotic portion ( x2). (B) Pannus formation ( x40). (C) An irregular fibrin 


membrane covers all the inner surface of the graft (x40). 


divided into five groups according to the grafts used. 
Ringer's lactate solution (500 ml) and the antibiotic 
drug, Cefazolin Sodium, 2 g, were administered intra- 
venously during the surgery, but no anticoagulants 
were given during the experiments. The human umbili- 
cal cord veins were thoroughly irrigated with 3000 units 
of heparin sodium in three liters of sterile saline prior 
to implantation. The abdominal aorta below the con- 
fluence of the renal arteries was exposed by an upper 
median skin incision of the abdominal wall. A 4.0 cm 
segment of the abdominal aorta was excised and re- 
placed by variously treated human umbilical cord veins 
5.0 cm in length. Anastomoses were performed by con- 
tinuous over-and-over sutures with 6-0 Nylon. Patency 
was evaluated by aortography two weeks, and one, 
three and six months after implantation. At autopsy 
(after intervals of two weeks to six months), the graft 
was opened longitudinally and its patency was redeter- 
mined. The pseudointima covering the internal surface 
of the graft was examined by direct inspection and 
by light and scanning electron-micrographies. 

In order to determine the antibody product of the 
graft, cytotoxic tests were performed before, two weeks 


and one, three and six months after implantation, using 
human cultured lymphoblasts taken from  Burkit 
Iymphomas.* 


Results 


Patency 


The patency rates were 62.5% (5/8) in Group I, 87.5% 
(7/8) in Group II, 100% (8/8) in Group III, 87.5% (7/8) 
in Group IV and 87.5% (7/8) in Group V when examined 
14 days to six months after implantation. There were 
no statistically significant differences found between 
Groups II, IV, V and III. 


Aortographic Findings 


Of the 31 grafts on which aortography was performed 
at autopsy 25 were patent. Of the patent grafts, 14 
showed no stenosis at either anastomotic line, nine 
showed slight stenosis and two were severely stenotic 
with only 2 the preoperative diameter of the graft (Fig. 
1). Most of the suture lines gradually contracted as 
time progressed. The incidence of stenosis at anasto- 
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Fic. 4. Photomicrographs of a longitudinal section of a HUCV graft six months after replacement (Hematoxylin and eosin). (A) The pannus 
has become wider. An arrow indicates the anastomotic portion. (B) The pannus has become thicker and more compact (x40). (B') Higher 
magnification of B. A thin endothelial layer covering the pannus is seen ( x 200). (C) The fibrin membrane has become much smoother and 
thinner when compared with that seen two weeks after replacement ( x 40). 


motic lines was 28.6% (2/7), 33.3% (2/6), 28.6% (2/7), 
33.3% (2/6) and 83.3% (5/6) after two weeks, one month, 
three months and six months, respectively. 


Macroscopic Findings 


Regardless of the treatment of the grafts, two weeks 
after implantation, a nearly homogenous, reddish fibrin 
membrane had covered the entire inner surface of the 
graft with sporadic thrombi. After a month, at both 
ends of the graft, pannuses, i.e., 2 mm wide, beltlike. 
whitish tissue, had grown to graft from the aortic intima 
of the host and covered the anastomotic line. The 
reddish fibrin membrane gradually turned into a glossy, 
yellowish sheet and the pannuses gradually extended 
in six months being only 5 mm wide (Fig. 2). The outer 
capsule consisted of connective tissue which was easily 
desquamated from the graft except the anastomotic 
lines. 


Light-microscopic Findings 


Two weeks after implantation, the pannus consisted 
mainly of fibroblasts, new capillaries at the anastomotic 


lines had developed from the aortic intima of the host. 
but at the midportion, the graft was covered with an 
irregular, relatively thick fibrin membrane containing 
neutrophils (Fig. 3). The pannus had become thicker 
and was 5 mm wide a month after implantation: by six 
months, the collagenous fibers had increased and the 
fibroblasts had decreased. A stratum of endothelial cells 
was found irregularly on the pannus three months after 
implantation. The irregular fibrin membrane covering 
the entire inner surface of the graft became smoother 
and thinner with the lapse of time (Fig. 4). The struc- 
tural integrity of the graft was well preserved with 
minimal host cell ingrowth even six months after 
implantation. 


Scanning Electron-micrographic Findings 


Two weeks after implantation a coarse fibrin net- 
work, in which erythrocytes, leucocytes and platelets 
were caught, had covered the intraluminal surface of 
the graft (Fig. 5). A month later, in the areas close to 
the suture lines, oval, immature endothelial cells with 
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Fic. 5. Scanning electron micrographs of the inner surface of a HUCV graft two weeks after implantation. A coarse fibrin network, in 
which erythrocytes, leucocytes and platelets (arrows) are caught, covers the entire inner surface. (A) Original magnification ( x 1000). (B) Higher 
magnification of the rectangular area in A (x 3000). 





Fic. 6. Scanning electron micrographs of the inner surface of a HUCV graft a month after implantation. In the anastomotic regions, oval 
immature endothelial cells (arrow) with many microvilli have appeared. (A) Original magnification, x 1000. (B) Higher magnification of the 
rectangular area in A, x3000. 
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FiG. 7. Scanning electron micrographs of the inner surface of a HUCV graft six months after replacement (Original magnification, x 1000). 
(A) In the area close to the anastomotic line, endothelial cells have completely fused into a smooth sheet. (B) In the area slightly away 
from the anastomosis, these cells are connected only by pseudopodlike processes. The arrow indicates an endothelial cell. 


many microvilli arranged in the direction of the blood 
flow could be seen (Fig. 6). In six months they had 
fused completely into a smooth sheet (Fig. 7A). How- 
ever, a short distance from the anastomotic line, these 
cells were connected only by pseudopodlike processes 
(Fig. 7B). In specimens that were continuous from the 
anastomotic line to the midportion of the graft, endo- 
thelial cells were not found more than 5 mm beyond 
the anastomotic lines and the coarse fibrin networks. 
seen two weeks after implantation, became much more 
compact with the lapse of time (Figs. 8 and 9). 


Cytotoxic Tests 


The cellular death rate was 12.2 + 0.89% in 13 hu- 
man umbilical cord veins before implantation, and was 
15.6 + 2.8% in 21 of them 14 days to six months after 
implantation. There were no statistically significant dif- 
ferences in these cellular death rates (Fig. 10). The 
cellular death rate was 17.6 + 2.41%, 16.1 + 1.95%. 
13.0 + 2.6% and 15.4 + 2.5%, two weeks, a month. 
three months and six months after implantation, re- 
spectively (Table 1). These results showed that anti- 
genicity of the graft was effectively suppressed with 
glutaraldehyde regardless of whether its concentration 


was 0.5% or 1.0%. This coincided well with the micro- 
scopic findings of minimal host cell ingrowth. 


Discussion 


Our experimental results demonstrated that human 
umbilical cord veins modified chemically and structurally 
by glutaraldehyde can function effectively as an arterial 
conduit in circumstances when autogenous tissue is 
unavailable. In order to succeed in the implantation 
of biomaterial vascular substitutes, especially xeno- 
grafts, itis necessary to attenuate or abolish completely 
the antibody product but to preserve its biological func- 
tions. Human umbilical cord vein, in unlimited supply, 
is readily available, valveless, and has a uniform diam- 
eter. A report by Yong and Eiseman" of implants using 
human umbilical cord vein preserved only in absolute 
alcohol, suggested canine host rejection as the cause 
of aneurysm formation, thrombosis, and graft failure. 
Mindich and coworkers,’ noting the attenuation of the 
rejection response and the maintenance of the cord 
vascular function after the combined use of ethanol 
and dialdehyde starch, obtained the following result: 
26 out of 30 canine aortic implants of human umbilical 
cord vein grafts treated with 95% ethanol and 1.3% 
dialdehyde starch were patent at the end of eight 
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Fic. 8. Scanning electron micrographs of the inner surface of a HUCV graft three months after implantation. (A) In the mid-portion of the 
graft, the fibrin network has become much more compact than that seen two weeks after replacement (Original magnification, x 1000). 
(B) Higher magnification of the rectangular area in A, x 3000. 


months. Dardik and coworkers? reported that glutaral- 
dehyde (concentration not reported) was more effec- 
tive than ethanol or dialdehyde for tanning of the human 
umbilical cord vein. Turner"? reported that low con- 
centrations of glutaraldehyde, leading to a stiffer ma- 
terial, were preferrable to high concentrations. We 
used various concentrations of glutaraldehyde and 
ethanol to suppress the immune apparatus in human 
umbilical cord veins. In our study, a high patency rate 
was obtained in those grafts tanned with 1% glutar- 
aldehyde for 24 hours and preserved in 50% ethanol 
until used, while a low rate occurred when grafts were 
tanned with 1% glutaraldehyde and preserved in the 
same solution. 

Glutaraldehyde, a smaller molecule than dialdehyde 
starch, is a biofunctional reagent (/.e., it has two re- 
active functions per molecule) capable of cross-linking 
molecules possessing o (or e)-amino groups." There- 
fore, it can enter smaller spaces and effect more cross- 
links per unit area." This property of glutaraldehyde, 
however, makes it more difficult to wash out or neu- 
tralize prior to implantation. Both alcohol and glutar- 
aldehyde must be thoroughly removed because of their 
thrombogenicity. We irrigated this graft thoroughly 
with three liters of sterile saline before implantation. 


Complete healing of a vascular prosthesis means that 
the wall of the graft is completely encapsulated in 
fibrous tissue, and that the flow surface is covered 
by endothelium.'! Dillon and coworkers’ reported that 
bovine arterial grafts were finally replaced with host 
tissue. Mindich and coworkers,” however, found that 
an ectodermal layer, surrounding the human umbilical 
cord vein as a fibrous capsule from which the cord 
could be easily separated, served as a barrier to tissue 
ingrowth so that this cord was not completely replaced 
by organized host connective tissue. 

In our experiment, the human umbilical cord veins 
were surrounded by host connective tissue and round 
cells and fibroblasts had not infiltrated the walls of 
the cords regardless of the method of modification. 
Angiographically, most of the suture lines gradually 
contracted with the lapse of time because of excessive 
proliferation of connective tissue into the intraluminal 
surfaces, although the structural integrity of the graft 
was well preserved. Dardik and coworkers' found that 
unmodified human umbilical cord veins developed 
aneurysms in the infrarenal position, but one treated 
by glutaraldehyde and surrounded by a polyester mesh 
achieved good patency without aneurysms. Oblath and 
coworkers!” reported that, although human umbilical 
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Fic. 9. Scanning electron micrographs of the inner surface of a HUCV graft six months after implantation. The fibrin network, even in the 
mid-portion of the graft, has become much denser when compared with that seen after three months. (A) Original magnification ( x 1000). 
(B) Higher magnification of the rectangular area in A (3000). 
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Fic. 10. Cytotoxic tests. (A) Before implantation. The cellular death rate is about 12%. Single and double arrows indicate dead and living 
cells, respectively. (B) Three months after implantation. The mortality rate is about 15%. 
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TABLE 1. Incidence of Dead Cells in Cytoxic Tests 


Per Cent of Dead Cells 











Months after Case 
Transplant No. Pretransplant Posttransplant 
15 11 | 22 
16 14 | 16 
0.5 24 13 12.56 = 1:0) 18 ; 17.6 + 2.41 
32 12 | 17 
40 13 15 | 
13 11 | 15 | 
14 11 14 | 
21 13 17 | " 
l 22 :2í 11.8 + 0.68 l6 | 16.1 + 1.95 
37 12 20 
38 12. | 15 
11 f 16 
12 13 14 | 
3 19 12:5 9 i 13.0 + 2.6 
20 12 15 
28 11 
17 19 
18 16 
6 26 12 + 4225 
33 13 
34 12 
9 
Control 10 + 10 +0.81 


cord veins have distinct advantages over other pros- 
thetics, the incidence of experimental neointimal fi- 
brous hyperplasia causing anastomotic stenosis and oc- 
clusion is prohibitively high. This was coincident with 
our results. Further experimental evaluation of these 
problems remains to be done. 

Mattila and Fogarty® reported a reduction of anti- 
body product after implantation of a 1.3% dialdehyde- 
starch-treated bovine artery and a 0.2% glutaralde- 
hyde-treated porcine artery and valve. DeFalco? found 
that antibody product was not detected in a 1.3 dial- 
dehydestarch-treated bovine carotid artery, but was 
present untreated and ficin-treated arteries. In our 


UMBILICAL VEIN FOR BYPASS GRAFTS 45] 


study, using a complement-dependent cytotoxicity 
test, antibody product was hardly detected in the hu- 
man umbilical cord veins regardless of the concentra- 
tion of glutaraldehyde. Our histologic studies did not 
show immunoreactive cells. Although human umbilical 
cord vein tanned with 0.5% glutaraldehyde and pre- 
served in 50% ethanol until used was considered to 
be useful as an arterial substitute, final conclusion could 
not be drawn since six grafts followed for six months, 
the longest follow-up, were stenotic. 
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Wall Reinforcement with Highly Porous Dacron® Mesh 


in Aortic Surgery 


TATSUZO TANABE, M.D.,* YOSHIHIKO KUBO, M.D., MASATO HASHIMOTO, M.D., TOHORU TAKAHASHI, M.D., 


KEISHU YASUDA, M.S., SABURO SUGIE, M.D.t 


Wall reinforcement with highly porous synthetic Dacron® mesh 
was devised and evaluated in various aortic operations. Ex- 
cellent attachment of the mesh to the aortic wall, good preserva- 
tion of pliability of the aorta, and efficient pressure resistance 
with minimal scar tissue formation were the usual findings. 
This type of wall reinforcement was employed in 60 patients 
for the following indications: 1) prevention of suture line com- 
plications; 2) wall reinforcement of aortic aneurysm without 
resection; 3) reinforcement of adventitia or autogenous vein 
following thromboendarterectomy. It is concluded that rein- 
forcement with highly porous synthetic Dacron mesh should 
be superior to reinforcement with conventional prosthetic 
Dacron graft. 


HE RECENT DEVELOPMENT of various prosthetic 
T grafts has contributed greatly to the field of arterial 
reconstructive surgery. Nevertheless, there are several 
limitations of currently employed prosthetic grafts 
after implantation. These include early thrombosis, 
hemorrhage, graft constriction. late occlusion, and 
anastomotic aneurysms.? 5 Although infrequent, su- 
ture line complications occur particularly in aortic 
lesions related to severe degeneration, cystic medial 
necrosis, or chronic inflammation of the aorta. When 
these suture line complications occur, the resultant 
consequences make reparative procedures formidable. 
Several approaches have been made to overcome the 
Suture line complications including application of 
special suture techniques, different suture materials, 
peritonealization of the graft, and wrapping of the su- 
ture line with a prosthetic graft. 

The present study was designed to evaluate the ef- 
fects of reinforcement using a highly porous synthetic 
mesh in order to prevent these suture line complica- 
tions more effectively .'*-2° 


———————— 


* Associate Professor of Surgery. 

* Professor and Chairman of Surgery. 

Reprint requests: Tatsuzo Tanabe, M.D.. The Second Department 
of Surgery, Hokkaido University Hospital, Kita-14, Nishi-5. Kita-ku, 
Sapporo, Japan, 060. 

Submitted for publication: August 14, 1979. 


From the Second Department of Surgery, 
Hokkaido University School of Medicine, Sapporo, Japan 


————ÁÉEN 
Clinical Experience 


Reinforcement procedures with highly porous syn. 
thetic Dacron* mesh have been performed in 60 aortic 
operations during the past eight years. Forty patients 
had the reinforcement procedure at the anastomotic 
sites of the aorta (six in the thoracic aorta. one in 
the thoracoabdominal aorta, and 33 in the abdominal 
aorta). Nine patients had reinforcement of the aortic 
aneurysm without resection, six had reinforcement of 
the adventitia following thromboendarterectomy, and 
five had reinforcement of an autogenous vein patch 
graft (Table 1). 

The conventional Dacron prosthetic graft was 
trimmed to the necessary length to fit to a lesion of the 
aorta. A segment of highly porous Dacron mesh 2-3 cm 
in length with a slightly wider circumference was used 
(Fig. 1). The mesh was first sutured around the upper 
end of Dacron graft using approximately eight inter- 
rupted stay sutures (Fig. 2). When it became necessary, 
the distal end of the Dacron graft was also sutured 
with the mesh in the similar manner. The cuffed mesh 
was then reflected to the side of the Dacron graft, down- 
ward at the proximal end, and upward at the distal end. 
After resection of the aortic lesion, the Dacron graft 
was anastomosed to the stumped end of the aorta using 
a continuous over and over suture technique in either 
end-to-end or end-to-side manner. Following the com- 
pletion of the anastomosis, the cuffed mesh was re- 
flected to the aorta and covered loosely with several 
interrupted stay sutures (Fig. 3). Both ends of the mesh 
were closed with a continuous suture technique. Wrap- 
ping of the graft with residual aneurysmal wall or 
peritonealization was also performed in all patients. 

The lesions encountered in the patients included 
arteriosclerotic aneurysms (33), dissecting aneurysms 
(5), and atypical coarctation and aortitis syndrome (2). 
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TABLE 1. Reinforcement Procedures 


Applications Cases 

Prevention of suture line complication 40 
thoracic aortic aneurysm 3 
abdominal aortic aneurysm 30 
dissecting aneurysm 5 
atypical coarctation 2 

Wall reinforcement of aortic aneurysm 9 
thoracic aortic aneurysm S 
abdominal aortic aneurysm 3 
carotid aneurysm l 

Reinforcement of adventitia of vein patch 11 
thromboendarterectomy 6 
vein patch graft 5 


The proposed procedures were found to be effective, 
and no instance of suture line insufficiency developed. 
One patient died following severe hemorrhage due to 
a rupture of an aneurysm of the thoracic aorta during 
surgery. The other 39 patients were followed post- 
operatively with a mean follow-up period of 4.2 years. 
It was found that five patients died from other unre- 
lated medical causes; carcinoma of the stomach, myo- 
cardial infarction, and ileus. However, in these five 
patients autopsy revealed excellent attachment of the 
mesh to the aortic wall, and minimal structural changes 
in the wrapped aortic wall. A minute hyaline degenera- 
tion in the outer layer of the aorta was the single change 
and no other changes such as the destruction of elastic 
fibers were observed. The remainder of the patients 
are well and free of symptoms. 

For wall reinforcement of an aortic aneurysm with- 
out resection, the aorta was exposed in the usual man- 
ner. The involved segment was mobilized for its entire 
length. The highly porous synthetic Dacron mesh was 
placed around the aneurysm, and mesh was tailored 
and sewn to the aortic wall using an interrupted suturing 
method. The mesh was then wrapped around the aneu- 
rysm, and snugly fitted to it (Fig. 4). This mesh 
reinforcement procedure was used in 9 patients. Five 
patients had a fusiform thoracic aneurysm and each 
patient was aged and debilitated and the method was 
used as a palliative measure. There were three aged 
patients with a small sized abdominal fusiform 
aneurysm and poor distal circulation. One patient hada 
carotid aneurysm. There were no technical difficulties 
and no complications attributable to the procedure. 
One patient died from severe hemorrhage during 
operation, but the other eight were followed postopera- 
tively with a mean follow-up period of 4.0 years 
without apparent enlargements or ruptured aneurysms. 
One patient died from carcinoma of the stomach 
four years postoperatively, and autopsy revealed 
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Fic. 1. A highly porous synthetic Dacron mesh. 


excellent attachment of the mesh to the aortic 
aneurysm and no apparent dilatation of its size. 
Several anastomotic aneurysms were seen in patients 
with thromboendarterectomy and autogenous vein 
patch grafting in the iliac artery. The proposed mesh 
reinforcement procedure was performed on 11 patients 
with arteriosclerosis obliterans; six with thromboen- 
darterectomy, and five with patch vein grafting. Two 
of these 11 patients developed gradual stenosis one 
year postoperatively. Reoperations were performed in 
these two patients. It was found that the causes of 
stenosis were related to progression of the disease, 
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Fic. 2. The mesh was sutured around the end of Dacron graft. 
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Fic. 3. The cuffed mesh was reflected to the aorta and covered 
with several sutures. 


poor run-off in the distal arteries, and proliferation of 
scar tissue around the mesh. 

The authors now believe that this reinforcement with 
highly porous Dacron mesh should be applied to aortic 
anastomoses, but application of this procedure to the 
thromboendarterectomized or patch-grafted iliac ar- 
tery, should be restricted to the lesion with a severely 
damaged arterial wall and with systemic hypertension. 
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Fic. 4. Wall reinforcement of aortic aneurysm without resection. 


Discussion 


Aortic wrapping with various kinds of materials, 
such as cellophane film, diethyl phosphate liquid and 
sponge, fascia lata, and Dacron or Teflon? graft, have 
each been reported.'* 57.5 None of these materials 
have been completely successful for reinforcement of 
a diseased arterial wall. While wrapping has had a 
limited acceptance, it has never had a wide popularity. 

Robicsek and associates have made extensive evalu- 
ations on wall reinforcement with use of conventional 
prosthetic graft."^'* Applying the principle of external 
grafting in 142 instances for prevention of rupture of 
an aneurysm, they reported satisfactory early and late 
results. The concept of our reinforcement procedure 
with high porous Dacron mesh is similar to the proce- 
dure reported by Robicsek, but the effects on the aortic 
wall are quite different. A more porous material permits 
good attachment of the surrounding tissue to the aorta 
through the wide interstices of the fabric. Experimental 
evaluation in the canine thoracic aorta has demon- 
strated excellent attachment of the mesh to the aorta 
as well as good preservation of pliability in the aorta 
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and efficient pressure resistance with minimal scar tis- 
sue formation. This mesh had good resistance to aortic 
pressure and showed firm attachment to the aortic wall. 
The structure of the wrapped aortic wall was well pre- 
served and its pliability was retained well. Reinforce- 
ment with highly porous mesh should by no means be 
mistaken for what has been reported as wrapping of 
aneurysms with certain other material, such as cello- 
phane film, sponge, fascia lata, prosthetic grafts, and 
felt. The latter wrapping procedures do not reinforce 
the aortic wall properly and usually produce unattached 
scar tissue and moderate structural changes of the 
aorta. Differences in the aortic changes and attachment 
to the aortic wall are produced by the construction of 
the fabric. Loose reinforcement of a more porous ma- 
terial prevents destructive changes of the aortic wall 
and provide firm attachment of the surrounding tissues. 
Good attachment of the mesh to the aortic wall provides 
reliable support, prevention of expansion and suture 
line complications.!5-?? 

Reinforcement with highly porous synthetic Dacron 
mesh should be superior to reinforcement with a con- 
ventional prosthetic Dacron graft. This procedure can 
be safely applied for prevention of rupture of the aneu- 
rysm and for prevention of suture line complications. 


References 


1. Abbott OA. Clinical experiences with the application of poly- 
thene cellophane upon aneurysms of the thoracic vessels. 
J Thorac Surg 1949; 18:435. 

. Cohn R, Angell WW. Late complications from plastic replace- 
ment of aortic abdominal aneurysms. Arch Surg 1968; 97:696. 

. Elliott JP. Anastomotic aneurysm after vascular reconstruction 
— Problems of incidence, etiology and treatment. Surgery 
1975; 78:800. 


N 


Ww 


WALL REINFORCEMENT 


455 


Harrison PW, Chandy J. A subclavian aneurysm cured by cello- 
phane fibrosis. Ann Surg 1947; 118:478. 

Moore WS, Hall AD. Late suture failure in the pathogenesis 
of anastomotic false aneurysms. Ann Surg 1970; 172:1064. 


. Middleman IC, Drey NW. Cellophane wrapping of an abdominal 


aneurysm. Surgery 1951; 29:890. 


. Poppe JK, Oliviera HW. Treatment of syphlitic aneurysms by 


cellophane wrapping. J Thorac Surg 1946; 15:186. 


. Robicsek F, McCall MM, Sanger PW, Daugherty HK. Recur- 


rent aneurysms of the abdominal aorta. Ann Thorac Surg 
1967; 3:549. 


. Robicsek F, Daugherty HK, Mullen DC, Tam W. The preven- 


tion of suture line insufficiency using cuffed synthetic vascular 
grafts. Ann Thorac Surg 1971; 11:57. 


. Robicsek F, Mullen DC, Daugherty HK. Aortic aneurysms in- 


volving the origin of the renal arteries: A simple solution 
to a complicated problem. Surgery 1971; 70:425. 


. Robicsek F, Daugherty HK, Mullen DC. External grafting of 


aortic aneurysms. J Thorac Cardiovasc Surg 1971; 61:131. 


. Robicsek F, Perkins RS, Mullen DC, et al. Fusiform aneurysm 


of the entire aortic arch. J Thorac Cardiovasc Surg 1972; 
62:756. 


. Robicsek F, Daugherty HK, Mullen DC, et al. Is there a place 


for wall reinforcement in modern aortic surgery? Arch Surg 
1972; 105:824. 


. Robicsek F, Daugherty HK, Mullen DC, et al. Long-range ob- 


servations with external aortic grafts. J Cardiovasc Surg 1976; 
17:195. 


. Sawyers JL, Jacobs JK, Sutton JP. Peripheral anastomotic 


aneurysms: Development following arterial reconstruction 
with prosthetic grafts. Arch Surg 1967; 95:802. 


. Satallworth JM, Ramirez AA. A method of treatment of com- 


plicated aneurysms of the abdominal aorta. Ann Surg 1969; 
169:282. 


. Szilagyi DE, Smith RF, Elliott JP, et al. Anastomotic aneurysms 


after vascular reconstruction: Problems of incidence, etiology, 
and treatment. Surgery 1975; 78:800. 


. Takahashi T, Kubo Y, Tanabe T, et al. Complications of auto- 


genous vein replacement and their management. Gekka 1972; 
34:949. 


. Takahashi T, Kubo Y, Tanabe T, et al. Treatment of aortic 


aneurysm. Gekka 1975; 37:131. 


. Tanabe T, Kubo Y, Kawakami K, et al. Management of thoracic 


aneurysm. Gekka 1976; 38:159. 


Renal Blood Flow and Intrarenal Distribution of Blood Flow 
After Decapsulation in the Postischemic Kidney 


JOSEPH C. STOTHERT, JR., M.D. 


Previous reports suggest the value of renal decapsulation in 
the prevention of renal failure after acute ischemia. It has 
been suggested that this response is due to a release of **com- 
partmental" pressure resulting in increased blood flow to the 
decapsulated kidney. Ten dogs were evaluated following 90 
minutes of renal ischemia created by occlusion of the supra- 
renal aorta. Each animal underwent random unilateral decap- 
sulation, with the contralateral kidney acting as control. 
Labeled 15 micron microspheres (Se? and Ce!!!) were injected 
into the left ventricle at 15 minutes and one hour following 
decapsulation in six dogs. In the remaining animals the in- 
jection was carried out at 15 minutes and 48 hours. No dif- 
ference in renal blood flow was found between decapsulated 
and control kidneys in either group. Similarly, using sectioned 
kidneys no difference in intrarenal distribution of blood flow 
was found. These data suggest that the effects caused by de- 
capsulation are not due to hemodynamic alterations. 


NTEREST IN RENAL decapsulation has been renewed 
I for the specific therapy of renal failure in the post- 
ischemic kidney. Stone and Fulenwider have docu- 
mented improved renal function following decapsula- 
tion in monkeys and have also suggested its efficacy 
in a human study.'® Hill and Nakamura, using renal 
vein renin levels, provides evidence that decapsulation 
protects ischemic porcine kidneys and induces faster 
recovery.” Stothert in a study of canine decapsulation 
inferred the improved function may relate to a redis- 
tribution of intrarenal blood flow.'® The relative rigidity 
of the renal capsule and the increased compliance of 
the kidney following decapsulation implies the possibil- 
ity of compartmental pressure developing when the 
kidney swells, and the release of this pressure with 
decapsulation.** If this process occurs, a reduced 
blood flow would be expected in the intact postischemic 
kidney as compared to a decapsulated partner. 

The purpose of this study is to evaluate the effects 
of renal decapsulation on the postischemic kidney. 
Total renal blood flow as well as intrarenal redistribu- 
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tion of flow will be monitored to elucidate the hemo- 
dynamic sequelae of decapsulation. 


Methods 


Ten mongrel dogs weighing between 15 and 25 kilo- 
grams were used in this experiment. All animals were 
anesthetized with pentobarbital and maintained on a 
continuous infusion of Ringers lactate at 3 cc/kg/hour. 
The animals were divided into two groups. Group I under- 
went transabdominal crossclamping of the suprarenal 
aorta for 90 minutes. At the conclusion of this time 
period the crossclamp was released. The six dogs in 
this group then were randomized to either left or right 
decapsulation, the contralateral kidney acting as con- 
trol. Fifteen minutes after decapsulation, Sr 15 micron 
microspheres (3M Company, Nuclear Products) were 
injected in the left ventricle by a previously placed 
right carotid catheter. In a similar fashion, at one hour 
after decapsulation, Ce'!! 15 micron microspheres were 
injected. Each injection into the left ventricle used 0.1 
millicurie of isotope. The remaining four Group II ani- 
mals were treated in an identical fashion except after 
injection of the Sr the animals were closed and al- 
lowed to recover for 48 hours. At the end of this time 
period the dogs were anesthetized. Ce'*! was injected 
in the left ventricle, and these dogs were sacrificed 
by concentrated potassium chloride solution as were 
the Group I dogs. After the animals had been killed. 
each kidney was harvested and placed in 10% formalin. 

Microspheres were counted in sectioned portions of 
each kidney.’ Sections were taken from the outer cor- 
tex, inner cortex and medulla. The radioactivity of each 
specimen was determined using a gamma scintillation 
spectrometer. Background and crossover counts be- 
tween Sr? and Ce!!! were subtracted as suggested by 
Hales.5 
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Statistical analysis was performed using the Stu- 
dent's t-test for paired and unpaired values. As used 
in the text "'significant" indicates p < 0.05. 


Results 


All animals survived the ischemic episode and sub- 
sequent renal decapsulation. After harvesting and 
counting of the various radioactive zones in each kid- 
ney, the following formulas were used to compare renal 
blood flow between experimental and control kidneys: 


Total Renal Activity 
— Counts/gram Decapsulated Kidney 
+ Counts/gram Intact Kidney 
% Decapsulated Kidney Blood Flow 


_ Counts/gram Decapsulated Kidney 
Total Renal Activity 


x 100 


76 Intact Kidney Blood Flow 


_ Counts/gram Intact Kidney 
Total Renal Activity 


x 100 


Using a similar rationale, renal zone blood flow is ex- 
pressed as a per cent of the total flow in either the 
intact or decapsulated kidney. The mode of calculation 
is listed below: 


% Outer Cortex Blood Flow 


. Counts/gram Outer Cortex x 100 
Individual Renal Activity 


% Inner Cortex Blood Flow 


= Counts/gram Inner Cortex x 100 


Individual Renal Activity 
% Medullary Blood Flow 


|. Counts/gram Medulla 
Individual Renal Activity 


Figure 1 compares renal blood flow between intact 
and decapsulated postischemic kidneys at 15 minutes 
and one hour. No difference in relative blood flow ex- 
ists between these kidneys. Intrarenal distribution of 
blood within a kidney is likewise similar between intact 
and decapsulated Group I dogs, as seen in Figure 2. 
There is a similar shift in flow that is seen in both 
intact and decapsulated kidneys towards the outer cor- 
tex. This increase in outer cortex flow seen when com- 


{& Paring values at 15 minutes and one hour for both ex- 


perimental and control kidneys, is significant by the 
paired Student's t-test (p — 0.05). 
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Fic. 1. Distribution of blood flow between kidneys in Group I. Bars 
represent SEM. 


Figure 3 reflects the percentage of renal flow seen 
in Group II dogs. Again there is no difference between 
decapsulated and intact kidneys. At 48 hours there is 
no discernible difference between intact and decapsu- 
lated kidneys as far as intrarenal distribution of blood 
flow. This is depicted in Figure 4. The increased outer 
cortex flow which was seen in all kidneys at one hour 
is diminished at 48 hours, and is no longer significantly 
different from the 15 minute period. 


Discussion 


The effects of ischemia on renal blood flow are not 
fully understood. Estimations of flow in the postis- 
chemic period range from near cessation to increase 
over control values. An attractive hypothesis, the *''no 
reflow’’ concept was advocated by DiBona, Summers 
and Jamison.*’'? They suggested that swelling of cells 
in the postischemic period may result in the occlusion 
of small vessels so that when ischemia is reversed, 
recirculation does not immediately occur. In an exten- 
sion of this idea, Stone and Fulenwider raised the con- 
cept that the kidney was enclosed in a compartment 
by the rigid capsule. With postischemic swelling, ele- 
vated pressure would result in increased resistance to 
blood flow. Release of the capsule would result in in- 
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Fic. 2. Intrarenal distribution of blood flow in Group I. Bars repre- 
sent SEM. 


creased blood flow and less ischemic damage.!? A simi- 
lar argument was used by Stothert to suggest the 
possibility of a redistribution in intrarenal blood flow 
following decapsulation.!* 

The microsphere method of evaluation of renal blood 
flow and intrarenal distribution of flow has been ex- 
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FIG. 4. Intrarenal distribution of blood flow in Group II. Bars repre- 
sent SEM. 


tensively investigated.'*'>!7 Our results indicate that 
there is no difference between blood flow to an intact 
kidney as compared to its decapsulated partner. The 
postischemic intact kidney similarly shows no differ- 
ence in intrarenal distribution of blood flow as com- 
pared to the decapsulated kidney. This implies that 
the release of ''compartmental'' pressure, as suggested, 
is not an effect which is being relieved by decapsulation. 
Although no difference exists between decapsulated 
and intact kidneys, redistributional changes in intra- 
renal blood flow caused by ischemia are evident. Im- 
mediately after ischemia, blood is redistributed towards 
the inner cortex, by one hour this effect has reversed 
with correspondingly more blood directed towards the 
outer cortex. At 48 hours this effect is no longer pres- 
ent. Similar ischemic shift has been noted by others.!:*:1? 
Renal decapsulation has been advocated for the pres- 
ervation of renal function following ischemia in ex- 
perimental animals and man.?:!5:!5 Others feel the tech- 
nique to be of minimal value or detrimental.!! It is 
remarkable that little physiologic data exists concern- 
ing the effects of renal decapsulation. This study has 
shown that any positive effects in the preservation of 
renal function is not due to hemodynamic considera- 
tions in dogs. It is entirely within the realm of pos- 
sibility that many of the effects seen with decapsulation 
are due to denervation diuresis, as a result of manipula- 
tion and stripping of the capsule.??/? Similarly, yet 
unknown humoral factors may be implicated in the 
generation of the effects seen with decapsulation. Prior 
to any clinical usage of decapsulation, further evalua- 
tion of its mechanism of action should be elucidated. 
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Femoral Triangle Sepsis in Dialysis Patients 


Frequency, Management, and Outcome 


ALFRED P. MORGAN, M.D., DAVID C. KNIGHT, B.S., NICHOLAS L. TILNEY. M.D., J. MICHAEL LAZARUS, M.D. 


Prosthetic devices for dialysis access sometimes have to be im- 
planted in the groin. Infections are frequent there, and when 
they occur their management is influenced by the patients’ 
need for continued dialysis, and often, by the presence of con- 
comitant diseases. We report implantation of 161 dialysis 
access devices of various types, all utilizing the femoral 
vessels. Twenty-seven femoral triangle injections eventually 
occurred. Both the approach to their treatment and outcome 
were influenced by mode of presentation, localized infection 
being most favorable, and fever without localized signs least. 
The compromise surgical procedures made necessary by the 
patients’ precarious medical status were successful in most 
instances but overall mortality was 18%, and the amputation 
rate 22%. 


EPSIS IS RARE in reconstructive vascular surgery. 
S However, when vascular surgical techniques are 
used to obtain angioaccess for chronic hemodialysis, 
infection is not only more common but its treatment 
may differ from that usually employed for infected vas- 
cular prosthetics. It has been known for years that 
infections are frequent in chronic renal failure! and 
also that their most likely source is the patient’s access 
device. Dobkin et al.? recorded 0.15 significant bac- 
teremic episodes per year per chronic dialysis patient. 
More than two-thirds were attributed to access site 
infection. A high sepsis rate is understandable: dialysis 
access devices by necessity violate surgical principles. 
For example, vascular prostheses that have been placed 
subcutaneously are regularly entered by percutaneous 
needles, providing repeated opportunity for bacterial 
innoculation. If external arteriovenous shunts are used 
instead, tubing connected to vessels is brought through 
the skin, forming a permanent path for potential in- 
fection. Our experience’ has shown the failure rate 
from sepsis to be much higher for all types of devices 
when they are placed in the groin rather than the arm.? 
The femoral triangle is never the first choice for dialysis 
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access, but sometimes must be used. When infections 
occur there, two characteristics of dialysis patients in- 
fluence its treatment. 

One is the absolute necessity that dialysis continue. 
Sometimes peritoneal dialysis can be substituted for 
hemodialysis, but not always. It may be necessary to 
continue to use a septic prosthesis because there is 
no other way to dialyze the patient. Secondly, in some, 
the overall medical status increases the risk of major 
vascular surgical procedures. These considerations 
often dictate compromises in management either to 
allow continued use of the access device, or to permit 
replacement or repair to be performed with local 
anesthesia. 

The difficulty of treating septic synthetic arterial 
prostheses has been recognized since their introduc- 
tion.” The most desirable approach, extraanatomic 
bypass, was described by Shaw and Baue:? 


Ideal surgical treatment of an infected arterial re- 
construction . . . involves: 


Isolation and defunctioning of the infected segment 
by division of the uninfected artery or graft proximally 
and distally through clean incisions. 


Exclusion of the ends of the defunctioned segment 
from these clean fields. 


Restoration of vascular continuity by bypass graft 
around the septic region. 


Standard treatment of the infected segment by drain- 
age, removal of foreign body, etc., after the clean 
incisions have been closed and protected. 


With just one exception, we have never been able 
to achieve these goals in dialysis patients with sepsis 
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of the femoral triangle. Clinical realities have dictated 
that the first surgical procedure be a compromise. This 
report describes our approach to this problem and the 
results. 


Materials and Methods 


Clinical records of patients maintained on chronic 
hemodialysis by means of a secondary access device 
were reviewed. Secondary devices are those used when 
simpler, preferred techniques, the Brescia-Cimino 
fistula? and the Quinton-Brescia shunt,* have been tried 
and failed. There are several types. One is the Thomas 
femoral shunt (TFS), a velour-covered tube cemented 
to a fabric patch.? A pair of these is used, the patch 
of one sutured into a femoral arteriotomy, of the other 
into an incision in the femoral vein. The tubes are 
brought out through stab wounds and connected ex- 
ternally. All the other secondary devices are some type 
of graft forming a subcutaneous, puncturable arterio- 
venous fistula. The greater saphenous vein (SVG) was 
the first material used. Numerous types of prosthetics 
have been employed since, including the Sparks mandril 
graft (SMG), bovine graft (BG), and expanded micro- 
fibrillar polytetrafluorothylene (PTFE). 

In the nine year period ending January 1, 1978, 381 
secondary access devices were implanted into 192 pa- 
tients with endstage renal disease, being maintained 
by chronic hemodialysis. Of these, 161 were placed 
in the femoral triangle. All operations were performed 
by one of two surgeons (Morgan or Tilney). Antibiotics 
were used before, during and after implantation. The 
skin was shaved just before the operation and prepared 
with an iodophor. The procedures were done under 
magnification and an effort made to achieve highest 
standards of tissue handling, hemostasis and ligation 
of divided lymphatics. Twenty-five episodes of infec- 
tion which required surgical treatment occurred. Two 
patients with infected prostheses, transferred from 
other hospitals, are included in outcome but not in- 
cidence data. 


Results 


Table 1 shows the number and types of devices im- 
planted and the number of femoral triangle infections 
resulting. No infections were recognized in the first 
postoperative month. Eleven of 27 episodes of sepsis 
(41%) occurred in the second and third months after 
implantation; the rest at scattered intervals up to four 
years. 


Clinical Presentation 


The presentation and early course of these infections 
fell into three distinguishable categories, as follows: 
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TABLE 1. Vascular Access Procedures in the Leg 


Per Cent 
Device Number Infections Infected* 
TFS 39 13 34 
SVG 84 8 9.6 
BG 7 2 28 
SMG 17 2 12 
PTFE 14 2 14 
Total 161 27 17 


* Two devices (1 TFS, 1SVG) were implanted at another 


hospital; these patients are not included in the population base 
used to calculate percentage of infection. 


Systemic sepsis. Fever, chills, or bacteremia without 
an obvious source were the first manifestation of in- 
fection in seven patients. When examined initially, the 
access sites showed no signs of inflammation; however, 
in all of them, a pseudoaneurysm appeared later at 
the arterial suture line. An unexplained septicemia is 
not rare in dialysis patients, appropriate antibiotics 
were begun while a search was made for the cause. 

Aneurysm. A pulsating groin mass was the first evi- 
dence of infection in eight patients. Five subsequently 
developed fever, the other three were never febrile 
despite positive cultures. 

Local infection. Almost half the patients presented 
with obvious local signs of infection, being either an 
abscess around a graft or shunt tubing, an infected 
hemotoma, or cellulitis surrounding a skin erosion that 
exposed the graft. Fever was least common in this 
group. It occurred in only three patients. 


Management 


Initial surgical therapy followed one of four ap- 
proaches (Table 2). All patients received intravenous 
antibiotics. 

Local treatment. When a localized abscess or septic 
skin lesion involved part of the graft, but not the ar- 
terial suture line, the involved length was excised and 
replaced with a new segment tunneled through adjacent 
normal tissue. Patients were maintained on dialysis 
by using the unresected part of the original graft until 
the new subcutaneous tunnel and incisions healed. A 
variation was employed for an abscess around the per- 
cutaneous velour covered tubing of the Thomas femoral 
shunt. The infected portion was resected, new tubing 
anastomosed to the remaining stump, and then brought 
out through a fresh stab wound. Both of these proce- 
dures differ in principle from the extraanatomic bypass 
of general vascular surgery in that the new prosthetic 
is placed in a surgical field which includes the septic 
site and is undoubtedly contaminated to some degree. 

Artery reconstituted in contaminated field. When in- 
fection involved most of the graft but not the arterial 
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TABLE 2. Tvpe of Initial Treatment and Outcome 


First Surgical Treatment Number 
Drainage of focal sepsis and/or local bypass 6 
Artery reconstituted in contaminated field 12 
Artery ligated in septic field 8 
| 


Extraanatomic bypass 


* Includes three flush-ligated saphenous vein grafts. 


suture line, the entire device was removed and the 
artery reconstructed by lateral suture with monofila- 
ment material. A vein patch was used when necessary. 
The incisions were closed over a catheter for antibiotic 
installation, and a small drain. 

Artery ligated in septic field. lf visible infection ex- 
tended to the arterial anastomosis or if an artery was 
too friable to hold sutures, it was transfixed, doubly 
ligated, divided, and allowed to retract. The incisions 
were closed, drained, and irrigated. 

Extraanatomic bypass. In a single case, an ileopoplit- 
eal bypass through the obturator foramen was done 
and followed by arterial ligation, wound debridement 
and packing. 

The femoral vein was reconstituted in all instances 
to minimize edema, and theoretically, enhance arterial 
flow. There was no secondary bleeding from veins; no 
information about late venous patency is available. 


Bacteriology 


All of the first wound cultures grew a single organ- 
ism, although a mixed flora sometimes appeared later 
after antibiotic therapy. The initial isolate, presumably 
the causative organism, was more commonly gram 
negative than gram positive (Table 3). A larger number 
of gram negative infections occurred in TFS (9 of 13), 
than in subcutaneous grafts (6 to 15), suggesting that 
the usually gram negative flora resident around this 
percutaneous device may become responsible for sig- 
nificant infection. 


Outcome 
As noted, the first surgical treatment of infected pros- 
theses in most instances fell short of the ideal of extra- 
TABLE 3. Results of First Positive Wound Culture 
Staphylococcus 


coagulase positive 11 
coagulase negative l 


Proteus sp. 10 
E. Coli 2 
Pseudomonas sp. 2 
Enterobacter | 


Hemostasis 
Successful Secondary 
Sepsis Controlled Hemorrhage Amputation Death 
5 l 0 0 
7* 5 2 2 
5 3 4 2 
0 0 0 l 


anatomic bypass. Nevertheless, in a number of in- 
stances a satisfactory result was achieved. Table 2 
compares the type of treatment with outcome. The 
goal of treatment is control of sepsis and bleeding with 
survival of both limb and patient; it is reached most 
frequently when the infection is local, the arterial su- 
ture line is not involved, and the treatment is drainage 
and local bypass through adjacent healthy tissue. In 
five out of six persons managed this way, the prosthesis 
was salvaged for continued use. In the other, secondary 
bleeding led to its loss. 

Removal of the prosthesis followed by arterial re- 
constitution was successful in seven of 12 patients; 
in the remainder, secondary hemorrhage required liga- 
tion, leading to amputation in two patients. 

It will be noted that primary ligation did not guarantee 
control of bleeding. Religation at a higher level was 
necessary in three of eight persons. One such patient 
was treated by obturator bypass, but later died of wide- 
spread sepsis. The other two deaths were caused by 
myocardial infarction. 

The patients are further subdivided to explore the 
relationship between presentation, treatment and out- 
come (Table 4). The groups, too small for statistical 
analysis, suggest that the most unfavorable form of 
presentation is fever, followed by development of a 
false aneurysm after a period of antibiotic therapy. 
In these patients attempts to debride and reconstitute 
the artery were almost never successful and even pri- 
mary ligation failed in 2 of the 3 patients where it 
was tried. 

The final level of arterial ligation, in the 15 patients 
who required it, ranged from the superficial femoral 
to, in one instance, the common iliac (Table 5). Two 
later reconstructions were done to relieve ischemic 
symptoms, not for limb preservation. In six, it was 
elected to accept amputation because the patients' 
precarious medical status precluded attempting 
reconstruction. 


Discussion 


The data presented emphasize some of the differ- 
ences between sepsis that occurs in and around dialysis 
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access devices and sepsis after arterial reconstruction. 
They do not show treatment which falls short of ex- 
traanatomic bypass to be either better or worse than 
the ideal. Some patients and some devices have been 
salvaged, in other instances, arterial ligation has al- 
lowed limbs to be traded for lives. 

Infection is the major problem in the maintenance 
of access devices. In arterial reconstruction for periph- 
eral vascular disease, the incidence of infection varies 
with the site and material, but can be expected to be 
less than 5% or 6% when a prosthesis is used and 
an incision is made in the groin.'? The sepsis rate for 
dialysis devices can be as great as 34% (Table 1). The 
difference is doubtless explicable by some combination 
of intraoperative contamination, immunologic compromise 
in the uremic, seeding during transient bacteremias and 
extension of local infections over the graft. Intraopera- 
tive contamination is possible, but probably infrequent, 
as it is in routine vascular surgery. The absence of 
recognized infection in the first postoperative month 
speaks for this, although it is acknowledged that some 
wound infections, with antibiotic suppression, may be 
manifested later. Many of these infections occurred 
in the second and third months after implantation, too 
late for all of them to have originated in the operating 
room, and suggesting greater susceptibility of the in- 
completely healed devices to bacterial innoculation by 
needle puncture. It has been observed, also, that grafts 
are more vulnerable to blood-bourne infection early 
after their placement,'! their resistance to bacteremic 
seeding increasing with time. Thus, it seems likely that 
most infections result from using the grafts, not im- 


£ planting them. 


Our present approach to management of groin sepsis 
in the dialysis patient was evolved from the experience 
tabulated herein. Systemic antibiotic therapy is initiated 
in all. Then, if the infection is localized along the length 
of the graft the affected segment is bypassed and ex- 
cised. This works most of the time; when it does not 
it is usually because of spread of infection to the new 
graft and it is still possible to excise the whole prosthe- 
sis and reconstitute the artery. When infection is too 
extensive for segmental excision, but the arterial suture 
line still not grossly involved, the graft can usually be 
removed and the artery repaired. 

Patients admitted for systemic sepsis without evi- 
dence of graft infection are a more difficult problem. 
Evaluation may disclose a source of sepsis unrelated 
to the access device; its unwarranted removal is un- 
desirable. Some recover with antibiotic therapy with- 
out a diagnosis ever being made. It is conceivable that 


4. some infected grafts are sterilized by antibiotics, but 


the number, if any, is not known. It is only certain 
that if localized findings do eventually occur in this 
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TABLE 4. 
First Number 
Presentation Treatment Number Successful 
Systemic sepsis Local l 0 
Reconstitution 4 l 
Ligation 3 l 
Bypass 0 0 
Aneurysm Local 0 0 
Reconstitution 3 2 
Ligation 5 5 
Bypass l 0 
Local Local 5 5 
Reconstitution 5 4 
Ligation 0 0 
Bypass 0 0 


group, the failure rate is high even when the site of 
the arterial suture line is free of obvious infection. Our 
poor results have caused us to favor primary ligation 
as the first procedure in this patient subgroup, and 
even ligation may not be successful on first attempt. 

The situation is different when infection presents 
itself as a false aneurysm without preliminary fever 
and antibiotic treatment. In the dialysis patient a pseu- 
doaneurysm in the groin is usually septic. All were 
in this series, unlike the ordinary vascular patient 
where the majority have a mechanical origin and are 
sterile. Conservative treatment is more successful in 
this group and the decision to ligate or reconstitute 
can be based on the appearance of the femoral artery 
at the time of operation. 

In all groups it has been possible, and we believe 
desirable, to defer the decision between amputation 
and extra-anatomic bypass for a few hours to a few 
days after a ligation, when one is done, without making 
an irrevocable commitment to amputation. Many pa- 
tients tolerate ligation with no sequellae, or only late 
ones that can be dealt with electively. As is well known, 
the expectation of amputation following arterial ligation 
at various sites taken from published military experi- 
ence may be higher than in civilian practice.'? In our 
patients, the amputation rate ranged from one in four 
ligations of the superficial femoral artery to four in 
eight ligations of the common femoral. 


TABLE $5. Results of Arterial Ligation 


Limb Preserved 


Num- With Later With- Ampu- 

Level ber Reconstruction out tation 
Iliac 3 0 2 l 
Common femoral 8 l 3 4 
Superficial femoral 4 l 2 I 
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Prevention is obviously better than treatment. The 
high incidence of infection in the groin has confirmed 
original impressions that this site should not be used 
if any other is available. Increasing use of axillary and 
subclavian veins for recipient vessels has made it less 
often necessary to place grafts in the femoral triangle. 
When a graft must be implanted there, the greater sa- 
phenous vein is used, if available and suitable, as sepsis 
Occurs less frequently and is easier to treat. 


References 


1. Montgomerie JZ, Kalmanson GM, Guze LB. Renal failure and 
infection. Medicine 1968; 47:1. 
. Maher JF, Schriener GE. Cause of death in acute renal 
failure. Arch Int Med 1962; 110:493. 
3. Dobkin JF, Miller MH, Steigbigel NH. Septicemia in patients 
on chronic hemodialysis. Ann Int Med 1978; 88:28. 
4. Morgan A, Dammin G, Lazarus JM. Failure modes in 


to 


MORGAN AND OTHERS 


Ann. Surg. e April 1980 


secondary vascular access for hemodialysis. Asaio 1978; 
1:44. 


. Schramel RJ, Creech O. Effects of infection and exposure 


on synthetic arterial prostheses. Arch Surg 1959; 78:271. 


. Shaw RS, Baue AE. Management of sepsis complicating 


arterial reconstructive surgery. Surgery 1963; 53:75. 


. Brescia MJ, Cimino JE, Appel K, Hurwich BJ. Chronic 


hemodialysis using venipuncture and a surgically created 
arteriovenous fistula. New Eng J Med 1966; 275:1089. 


. Quinton W, Dillard D, Scribner BH. Cannulation of blood 


vessels for prolonged hemodialysis. Trans Am Soc Artif Int 
Org 1960; 6:104. 


. Thomas GI. A large vessel applique arteriovenous shunt for 


hemodialysis. Trans Am Soc Artif Int Org 1969; 15:288. 


. Szilagyi DE, Smith RF, Elliott JP, Vrandecic MP. Infec- 


tion in arterial reconstruction with synthetic grafts. Ann Surg 
1972; 176:321. 


. Malone JM, Moore WS, Campagna G, Bean B. Bacteremic 


infectibility of vascular grafts: The influence of pseudo- 
intimal integrity and duration of graft function. Surgery 
1975; 78:211. 


. Odom CB. Causes of amputations in battle casualties with 


emphasis on vascular injuries. Surgery 1946; 19:562. 


AY 








ee E 
m UMM nu u 
reading: 





“istula for 
'od/alysis 


DRISCOLL MD 
KJ VEITH MO 


GORE-TEX’ 
vascular grafts, 





e e. 
in e 
GORE-TEX vascular grafts are 


made of expanded, low density 
polytetrafluoroethylene (PTFE), rein- 
forced by a strong, fine lattice of 
the same material wound about the 
exterior. 

GORE-TEX vascular grafts 
are easy to handle and kink-resistant. 
They exhibit high suture-holding 
power. And they are, of course, fully 
biocompatible. Unlike knitted or 
woven prostheses, they do not require 
pre-clotting. 

GORE-TEX vascular grafts are 
available in a wide range of diameters, 
up to 22mm. 


Instructions 
for use. 


Opening the Package: 

Place one hand on the PVC blister tray 

and peel back the cover with the other hand. 
Remove the GORE-TEX graft from the tray 
using clean gloves or forceps. 


To Sterilize: 

Grafts may be sterilized using steam or gas 
techniques. Remove the graft from the PVC 
blister tray and repackage it for sterilization. 
Take care not to place the graft under heavy 
or sharp objects during sterilization which 
might crush the graft. Insure that you do not 
attempt to sterilize the label attached to the 
PVC blister tray with the graft, as the ma- 
terials on the label (inks and adhesives) may 
contaminate any objects in contact with the 
label during the sterilization cycle. 

Using a gravity displacement steam steri- 
lizer, autoclave at or above these minimum 
requirements: 270?F (132°C) for 15 minutes 
at 30 psi. Grafts must never be exposed to 
temperatures greater than 482°F (250°C). 
Using a pre-vacuum steam sterilizer, auto- 
clave at or above these minimum require- 
ments: 270°F (132°C) for 4 minutes at 30 psi. 
Grafts should never be exposed to tempera- 
tures greater than 482°F (250°C). 

Using gas, sterilize according to equipment 
Do not sterilize this graft by radiation tech- 
niques. 

The GORE-TEX graft may be sterilized many 
times without compromising its mechanical 
or structural integrity. If the graft is handled 
gently, with gloved hands or clean instru- 
ments and without undue manipulation, 
unused portions of the graft may be sterilized 
as often as necessary. Do not attempt to 
re-sterilize any unused graft portion that has 
been contaminated with blood or any foreign 
material. 


*Surg:cel is a registered trademark of Surgikos 


* O xycel is a registered trademark of Parke-Davis, Inc. 
*Betadine is a registered trademark of , 


Instructions: 

1. Use a 5-0 or 6-0 non-absorbable suture 
with a cardiovascular needle for best results 
on graft diameters of 6mm or less. Larger 
sutures may be used with larger diameter 
grafts. Use only non-absorbable sutures. 


2. Intra-operative inspection of anastomoses 
using irrigant solutions may result in serum 
leakage when blood flow is established in 
the graft. To prevent this, care must be taken 
not to generate syringe pressures sufficient 

to force irrigant through the graft walls. Todo 
so will alter the hydrophobic (non-wetting) 
properties of GORE-TEX grafts. 

3. Trim grafts to desired length using sharp 
surgical instruments. Grafts should be han- 
dled with clean forceps or gloves. GORE-TEX 
grafts are not "elastic" Therefore, proper 
matching of lengths is essential. If the graft 
is cut too short, excessive stress may be 
placed on the sutures, vessel, or graft at the 
anastomosis. 


4. Bleeding from suture holes may be mini- 
mized by using as small a suture needle as 
possible; and by following the curve of the 
needle through the graft wall. Topical 
thrombin solution may be applied to the 
suture line in conjunction with Surgicel* or 
Oxicel* soaked in thrombin to aid in mini- 
mizing anastomotic bleeding. 

5. Ensure, when using this graft in blood 
access applications or where repeated 
needle punctures of the graft are nec- 
essary, that needle puncture sites 

are spaced apart along the accessible 
subcutaneous length of the graft. 
Repeated needle puncture of the 
graft at the same site, or within 
the same immediate area, 
may cause mechanical 
damage to the graft 


which could lead to hematoma, false 
aneurysm or true aneurysm. Patients should 
be carefully monitored to assure that this 
instruction is followed. 

Precautions: 

1. Do not pre-clot the graft. 

2. Do not cut the graft while holding under 


excessive tension. Doing so may cause separa- J - 


tion of the outer layer. The GORE-TEX graft 


is a composite structure consisting of an inner 


base tube and a thin outer layer which 


reinforces the base tube to prevent aneurys- — 


mal dilation. Do not use any portion of a 
GORE-TEX graft which has damage to, or 
separation of, the outer layer of the graft. 


Johnson/Johnson 


Purdue Frederick Co., Norwalk 


®GORE-TEX is a registered Trademark 


Should the outer reinforcing layer become 
frayed at the end of the graft, do not pull 

on or peel the outer layer from the base tube. 
Carefully trim off the portion of the graft 
where the outer layer is frayed. 


3. Do not allow the graft to become wetted. 
The normally hydrophobic GORE-TEX Vas- 
cular Graft can be wet with organic solvents 
such as alcohol or Betadine*; by excessive 
manipulation of the graft with blood prior to 
bringing it through the tunnel; or by for- 
cing irrigating solutions through the wall. 
Wetting prior to establishing blood flow 
may create a condition which could allow 
persistent plasma leakage. 

4. Do not puncture the graft repeatedly at 
the same site, or within the same immediate 
area. (See Instruction #4.) 


Please Note: 
Our animal data does not support the use 
of this graft in aorta-coronary bypass applica- 
tions. We have insufficient clinical data on 
which to base any conclusions regarding 

this application. We 
». also have insuffi- 


































to recommend 
its use as patch 
material. 
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vascular grafts. 


Presented here is the most current 
bibliography of papers concerning the 
use, and effectiveness, of GORE-TEX 
vascular grafts. 

We are pleased with the number 
of surgeons who have chosen to work 
with, and report on, GORE-TEX 
grafts. The papers listed here represent 
the independent findings of respected 
surgeons, none of whom are connected 
with Gore. 

We are particularly pleased that 
the most recent papers are at least as 
positive in their findings as the early 
ones. And that reported patency rates 
continue to hold firm, even as the 
rate of use increases. 

We still believe that prudence 
and experience indicate the saphenous 
vein as the graft of choice, whenever 
it is available, in good condition, and 
when its removal would not increase 
surgical risk. But the more data we 
accumulate, the more certain we 
become that the GORE-TEX graft is the 
next-best alternative to autografts. 

We wish we had a more substan- 
tial body of long-term clinical data 
(five years follow-up and beyond) to 
offer you as proof. But that is simply 
a matter of time and circumstance. 
Our longest-term patients are just now 
reaching the five-year mark; others 
will soon follow. As our clinical data 
is updated, we'll continue to publish 
the results, so that you can stay in- 
formed of long-term patency. 


Free reprints, 
test-pack. 


You can have your choice of any 
of the papers listed below, just by using 
the coupon in this advertisement. 

In addition, so that you can test 
the handling and suture-holding 
characteristics of GORE-TEX grafts 
in the most meaningful fashion, we'll 
also be glad to send you a test kit. This 
kit, not intended for actual surgery, 
includes a short length of GORE-TEX 
graft and a 6-0 double-armed suture. 
Just check the appropriate box. 


1. Use in Lower Limbs 


a. The Expanded Polytetrafluoroethylene Graft 
M. Haimov, M.D., Archives of Surgery 114: 
673-677, 1979; copyrighted by American Medical 
Association, Chicago, Illinois. 

b. Expanded Microporous Polytetrafluoroethylene 
as a Vascular Substitute: A Two Year Follow-Up 
C. D. Campbell, M.D., Surgery 85: 177-183, 1979; 
copyrighted by The C. V. Mosby Company, 

St. Louis, Missouri. 

c. Comparison of Expanded Polytetrafluoro- 
ethylene and Autologous Saphenous Vein Grafts 
in High Risk Arterial Reconstructions for Limb 
Salvage Frank J. Veith, M. D., Surgery, Gynecology 
& Obstetrics 147: 749-752, 1978: copyrighted by 
The Franklin H. Martin Memorial Foundation, 
Chicago, Illinois. 

d. Expanded Polytetrafluoroethylene Grafts in 
Reconstructive Arterial Surgery —Preliminary 
Report of the First 110 Consecutive Cases for Limb 
Salvage Frank J. Veith, M. D., The Journal of the 
American Medical Association 240: 1876-1879, 
1978; copyrighted by The American Medical 
Association, Chicago, Illinois. 

e. Nonvein Bypass in Below-knee Reoperation 

for Lower Limb Ischemia John J. Bergan, M. D., 
Surgery 84: 417-424, 1978; copyrighted by The 

C. V. Mosby Company, St. Louis, Missouri. 

f. Initial Experience with the Polytetrafluoro- 
ethylene Graft for Limb Salvage: A Report on 
Twenty Patients P. D. Fry, M. D., The American 
Journal of Surgery 136: 193-197, 1978; copyrighted 
by Technical Publishing Company, New York, 
New York. 

g. The Use of Expanded Microporous Polytetra- 
fluoroethylene for Limb Salvage: A Preliminary 
Report C. D. Campbell, M. D., Surgery 79: 485-493, 
1976; copyrighted by The C. V. Mosby Company, 
St. Louis, Missouri. 

h. Physical Characteristics of Implanted Poly- 
tetrafluoroethylene Grafts—A Preliminary Report 
Richard F. Kempczinski, M. D., Archives of Sur- 
gery, 917-919, 1979; copyrighted by The American 
Medical Association, Chicago, Illinois. 


2. Extra-anatomical Use 

a. Extra-Anatomic Bypass with Expanded Poly- 
tetrafluoroethylene C. D. Campbell, M. D., 
Surgery, Gynecology & Obstetrics 148: 525-530, 
1979; copyrighted by The Franklin H. Martin 
Foundation, Chicago, Illinois. 

b. New Approaches to Limb Salvage by Extended 
Extra-Anatomic Bypasses and Prosthetic Recon- 
structions to Foot Arteries Frank J. Veith, M. D., 
Surgery 84: 764-774, 1978; copyrighted by the 

C. V. Mosby Company, St. Louis, Missouri. 


3. Use as Arterio-Venous Fistulae 


a. Vascular Access: Long-term Results, New 
Techniques W. Peter Geis, M. D., Archives of Sur- 
gery 114: 403-409, 1979; copyrighted by American 
Medical Association, Chicago, Illinois. 

b. Expanded Polytetrafluoroethylene Graft Fistula 
for Chronic Hemodialysis Vivian A. Tellis, M. D. 
Annals of Surgery 189: 101-105, 1979; copyrighted 
by J. B. Lippincott Company, Philadelphia, 
Pennsylvania. 

c. Expanded Polytetrafluoroethylene as Dialysis 
Access Grafts: Serial Study of Histology and Fibri- 
nolytic Activity R. Shack, M. D., The American 
Surgeon 43: 817-825, 1977; copyrighted by The 

J. B. Lippincott Company, Philadelphia, 
Pennsylvania. 

d. Peripheral Blood Access for Hyperalimenta- 
tion: Use of Expanded Polytetrafluoroethylene 
Arteriovenous Conduit T. J. Buselmeier, M. D., 
The Journal of the American Medical Association, 
1977: copyrighted by American Medical Associa- 
tion, Chicago, Illinois. 

e. A Prosthesis for Blood Access in Patients with 
Thrombosis of Peripheral Vasculature T. J. Busel- 
meier, M. D. Dialysis & Transplantation 6: 48-49, 
1977; copyrighted by Dialysis & Transplantation, 
Sherman Oaks, California. 

f. ASynthetic Vascular Conduit (Expanded PTFE) 
for Hemodialysis Access — A Preliminary Report 
B. M. Pasternak, M. D., Vascular Surgery 11: 99-102, 
1977; copyrighted by Angiology Research Founda- 
tion, Great Neck, New York. 


g. Polytetrafluoroethylene Grafts for Arteriovenous 
Fistulae: Preliminary Report A. H. Mohaideen, 

M. D., New York State Journal of Medicine 76: 
2152-2155, 1976; copyrighted by The Medical 
Society of the State of New York, Lake Success, 
New York. 


4. Aorta-Coronary and Pulmonary Use 
a. Aorta-Pulmonary Artery Shunts with Expanded 
Polytetrafluoroethylene (PTFE) Tube S. Subra- 
manian, M. D., The Annals of Thoracic Surgery 
27: 413-417, 1979; copyrighted by The Society of 
Thoracic Surgeons. 
b. Repair of Type B Interruption of the Aortic 
Arch in a Three Day Old Infant Using Micro- 
porous Expanded Polytetrafluoroethylene Arterial 
Prosthesis James S. Donahoo, M. D., Journal of 
Cardiovascular Surgery 20: 57-60, 1979; copy- 
righted by J. B. Lippincott Company, Philadelphia, 
Pennsylvania. 
c. Use of Microporous Expanded Polytetrafluoro- 
ethylene Grafts for Aorta-pulmonary Shunts in 
Infants with Complex Heart Disease Rufus B. 
Jennings, Jr., M. D., The Journal of Thoracic and 
Cardiovascular Surgery 76: 489-494, 1978; copy- 
righted by The C. V. Mosby Company, St. Louis, 
d. Aorta-coronary Artery Revascularization with 
an Expanded Polytetrafluoroethylene Vascular 
Graft Taro Yokoyama, M. D., and Jerome Harold 
Kay, M. D., The Journal of Thoracic and Cardio- 
vascular Surgery 76: 552-555, 1978; copyrighted by 
The C. V. Mosby Company, St. Louis, Missouri. 
e. Coronary Bypass with GORE-TEX* Graft 
J. Ernesto Molina, M. D., The Journal of Thoracic 
and Cardiovascular Surgery 75: 769-771, 1978; 
copyrighted by The C. V. Mosby Company, 
St. Louis, Missouri. 
f. Arterial Prosthesis of Microporous Expanded 
Polytetrafluoroethylene for Construction of Aorta- 
pulmonary Shunts Alan B. Gazzaniga, M. D., 
The Journal of Thoracic and Cardiovascular Sur- 
gery 72: 356-363, 1976; copyrighted by The C. V. 
Mosby Company, St. Louis, Missouri. 


5. Venous Use 

a. Interposition Grafting with Expanded Poly- 
tetrafluoroethylene for Portal Hypertension Allan 
D. Callow, M. D., Surgery, Gynecology, €) Obstet- 
rics 48: 187-190, 1979; copyrighted by The Franklin 
H. Martin Memorial Foundation, Chicago, Illinois. 
b. Patency of Biologic and Prosthetic Inferior 

Vena Cava Grafts with Distal Limb Fistula Samuel 
Wilson, M. D., Archives of Surgery 113: 1174-1179, 
1978; copyrighted by The American Medical Asso- 
ciation, Chicago, Illinois. 

c. Segmental Venous Replacement: A Compari- 
son of Biological and Synthetic Substitutes David 
E. Smith, The Journal of Thoracic and Cardio- 
vascular Surgery 69: 589-598, 1976; copyrighted by 
The C. V. Mosby Company, St. Louis, Missouri. 

d. Replacement of Portal Vein During Pancrea- 
tectomy for Carcinoma B. Eiseman, M. D., Surgery 
77: 280-284, 1975; copyrighted by The C. V. Mosby 
Company, St. Louis, Missouri. 
e. Use of GORE-TEX Grafts for Replacement of 
the Superior and Inferior Venae Cavae Lawrence 
H. Cohn, M. D., The Journal of Thoracic and 
Cardiovascular Surgery 67: 774-779, 1976; copy- 
righted by The C. V. Mosby Company, St. Louis, 
Missouri. 
f. ANew Venous Prosthesis T. Soyer, M. D., 
Surgery 72: 862-872, 1972; copyrighted by The 
C. V. Mosby Company, St. Louis, Missouri. 


6. Cerebral Surgery 

a. Cerebral Revascularization: Proximal External 
Carotid to Distal Middle Cerebral Artery Bypass 
with A Synthetic Tube Graft Jim L. Story, M. D., 
Neurosurgery 3: 61-65, 1978; copyrighted by The 
Congress of Neurological Surgeons, Winston- 
Salem, North Carolina. 


7. Experimental Work 

a. Alloplastic Replacement of the Canine Ureter 
by Expanded Polytetrafluoroethylene (Gore-Tex®) 
Grafts K. Dreikorn, European Urology 4: 379-381, 
1978; copyrighted by S. Karger A.G., Basel, 
Switzerland. 

b. Small Vessel Replacement with GORE-TEX 
(Expanded Polytetrafluoroethylene) Lawrence H. 
Cohn, M. D., Archives of Surgery 111: 267-270, 
1976; copyrighted by The American Medical 
Association, Chicago, Illinois. 

c. A Small Arterial Substitute: Expanded Micro- 
porous Polytetrafluoroethylene: Patency Versus 
Porosity C. D. Campbell, M. D., Annals of Surgery 
182: 138-143, 1975; copyrighted by The J. B. 
Lippincott Company, Philadelphia, Pennsylvania. 
d. A New Vascular Prosthesis for a Small Caliber 
Artery Hiroshi Matsumoto, M. D., Surgery 74: 
519-523, 1973; copyrighted by The C. V. Mosby 
Company, St. Louis, Missouri. 


8. Miscellaneous Studies 

a. Surgical Experience with Expanded Polytetra- 
fluoroethylene (PTFE) as a Replacement Graft for 
Traumatized Vessels Kenneth L. Mattox, M. D., 
The Journal of Trauma 19: 403-408, 1979; copy- 
righted by The Williams & Wilkins Company, 
Baltimore, Maryland. 

b. Prevention of Platelet Aggregation and Adher- 
ence to Prosthetic Vascular Grafts by Aspirin and 
Dipyridamole James A. DeWeese, M. D., Surgery 
84: 37-44, 1978; copyrighted by The C. V. Mosby 
Company, St. Louis, Missouri. 
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Many of your patients may. supplemental zinc for whatever 


The need for zinc is stepped up reason. And Theragran-Z is a high 
as a result of infections, trauma, potency formulation with a 
pregnancy, alcoholism and when balance of water soluble and fat 
certain medications, for example soluble vitamins plus minerals they 
phenytoin and the thiazides, are may need for proper nutritional 
used. The body cannot afford to supplementation. 

become zinc deficient. It needs Theragran-Z. Latest addition to 


zinc for growth and repair, at both the nation s most recommended 


the cellular and whole- 
organism levels. "? 

That's why we ve 
formulated new 
Theragran-Z with 22.5 mg 
of zinc (as sulfate) per 
tablet. Theragran-Z is for 
your patients who need 








Therag 


High potency vitamin-mineral 


The first word in balanced vitamin formulas 


€1980 E.R. Squibb & Sons, Inc. 110-512 


vitamin-mineral family. 
Make it part of your 
patients’ good health 
programs. 


References: 1. Federal Register 44 
(No. 53): 16193— 16195, March 16 
1979. 2. Sandstead, H. H.: Practical 
Gastroenterology 2: 27-38, March 
April, 1978. 3. Medical World News 
pp. 61-63. August 4, 1972 
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IOMG TABLETS 


CX 


TAMOXIFEN CITRATE 


A well-tolerated form of endocrine therapy: 


Nolvadex b.i.d. is easily given at home: Patients need not 
experience the disruption of family life that can occur with 
cytotoxic drugs, where administration often necessitates 
hospitalization. 

Depicted below are comparative results from studiest 
of Nolvadex as initial therapy...and as subsequent therapy: 





Objective responses to Nolvadex as initial or subsequent 








endocrine therapy t 

NO PRIOR PRIOR 

ENDOCRINE ENDOCRINE 

THERAPY + THERAPY + 

CHEMOTHERAPY CHEMOTHERAPY 
Complete Response 76/178 41/118 

(4396) (3596) 


4 
Partial Response 





Stabilization 29/178 34/118 

(No Change) (1696) (2996) 

Progression 73/178 43/118 
(4196) (3696) 





A valuable antiestrogen for the palliative 
treatment of advanced breast cancer 
in postmenopausal women. 


*Unlike side effects usually associated with other agents, those most frequently reported 
with Nolvadex were not disabling or life-threatening. This explains the comparatively 
low discontinuance rate of 296. The uncomplicated oral regimen of Nolvadex does not 
necessitate hospitalization 


Indicated in breast cancer that has 
metastasized to bone and viscera...as well 
as to soft tissue. 

The following is a tabulation of objective responses to 


Nolvadex in patients who entered therapy with progressive 
disease —from 13 separate studiest: 


Objective responses by dominant site of progressive 
disease in 305 evaluablet patients 


OFT 
BONE VISCERA TISSUE 





TOTAL NUMBER 107 13] 


OF PATIENTS 67 


COMPLETE RESPONSE 

measured by complete 

disappearance of all known = 3 10 
malignant disease and (15%) 
recalcification of osteolytic 

lesions for at least 4 weeks 


PARTIAL RESPONSE 

measured by decrease of 50% 

or greater in p sicui 36 4l 3l 
and/or partial recalcification 

or blastic transformation of (3456) (31%) (46%) 
osteolytic lesions for at 

least 4 weeks 


STABILIZATION 

(NO CHANGE) 

measured by decrease of 

less than 5096 or increase 28 29 
of less than 2596 in size of (2696) (2296) 
lesions, with no change in 

osseous lesions for 

atleast 4 weeks 


9 
(1396) 


Total (complete or partial 
response or stabilization) 


60% 15% 


PROGRESSION 

measured by increase 43 58 
of greater than 25% in size of (4096) 
lesions, or appearance 
of any new lesions 


17 
(2596) 


tData on file, Stuart Pharmaceuticals. 
t Of a total of 409 patients studied, 104 were excluded from evaluation of Nolvadex efficacy 


because of an inadequate treatment period, concomitant therapy with other anticancer agents, 
or not having evaluable disease. 


Please see next page for a brief summary of prescribing information. 
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BRIEF SUMMARY 
NOLVADEX® (tamoxifen citrate) tablets 


Indications and Usage: Nolvadex® has proven useful in the 
palliative treatment of advanced breast cancer in postmeno- 
pausal women. Available evidence indicates that the patients 
who have had a recent negative estrogen receptor assay are 
unlikely to respond to Nolvadex. 

Contraindications: There are no known contraindications to 
the use of Nolvadex. 

Warnings: Nolvadex may have oncogenic activity in animals; 
the possibility of this potential in humans should be consid- 
ered. Nolvadex affects reproductive function in rats at dose 
levels somewhat higher than the human dose. Safe use in 
pregnancy has not been established. 

Ocular changes have been reported in a few patients 
treated for periods greater than one year with Nolvadex at 
doses at least four times the highest recommended daily 
dose of 40 mg. The ocular changes consist of retinopathy 
and, in some patients, there are also corneal changes and a 
decrease in visual acuity. Ophthalmologic examinations of 
selected patients receiving long-term therapy with Nolvadex* 
at recommended doses have not detected any ocular pathol- 
ogy attributable to the drug. 

AS with other additive hormonal therapy (estrogens and an- 
drogens), hypercalcemia has been reported in some breast 
cancer patients with bone metastases within a few weeks of 
starting treatment with Nolvadex. If hypercalcemia does oc- 
cur, appropriate measures should be taken and, if severe, 
Nolvadex should be discontinued. 

Precautions: Nolvadex should be used cautiously in patients 
with existing leukopenia or thrombocytopenia. Observations 
of leukopenia and thrombocytopenia occasionally have been 
made, but it is uncertain if these effects are due to Nolvadex 
therapy. Transient decreases in platelet counts, usually to 
50,000-100,000/cu mm, infrequently lower, have been occa- 
sionally reported in patients taking Nolvadex for breast can- 
cer. No hemorrhagic tendency has been recorded and the 
platelet counts returned to normal levels even though treat- 
ment with Nolvadex continued. Periodic complete blood 
counts, including platelet counts, may be appropriate. 
Usage in Pregnancy: Nolvadex should not be used during 
pregnancy. 

Adverse Reactions: The most frequent adverse reactions to 
Nolvadex are hot flashes, nausea, and vomiting. These may 
occur in up to one-fourth of patients, but are rarely severe 
enough to require discontinuation of treatment. 

Less frequently reported adverse reactions are vaginal 
bleeding, vaginal discharge, menstrual irregularities, and 
skin rash. Usually these have not been of sufficient severity to 
require dosage reduction or discontinuation of treatment. 

Increased bone and tumor pain, and also local disease 
flare have occurred, which are sometimes associated with & 
good tumor response. Patients with increased bone pain may 
require additional analgesics. Patients with soft tissue dis- 
ease may have sudden increases in the size of preexisting le- 
sions, sometimes associated with marked erythema within 
and surrounding the lesions, and/or the development of new 
lesions. When they occur, the bone pain or disease flare are 
seen shortly after starting Nolvadex® and generally subside 
rapidly. 

Other adverse reactions which are seen infrequently are 
hypercalcemia, peripheral edema, distaste for food, pruritus 
vulvae, depression, dizziness, light-headedness and head- 
ache. 

If adverse reactions are severe, it is sometimes possible to 
control them by a simple reduction of dosage without loss o* 
control of the disease. 

Overdosage: Acute overdosage in humans has not been re- 
ported. Signs observed at the highest doses following studies 
to determine LDso in animals were respiratory difficulties and 
convulsions. No specific treatment for overdosage is known; 
treatment must be symptomatic. 

Dosage and Administration: One or two 10 mg tablets twice 
a day (morning and evening). 

How Supplied: Nolvadex tablets are white, round, biconvex 
tablets imprinted with STUART 600, containing tamoxifen as 
the citrate in an amount equivalent to 10 mg of tamoxifen. The 
tablets are available in containers of 60 tablets and 250 tab- 
lets. The tablets should be protected from heat and light 
NDCO0038-0600 September 1979 


STUART PHARMACEUTICALS 


Division of ICI Americas Inc. 
Wilmington, Delaware 19897 






SECOND EDITION 
a 


Illustrated Preoperative 


and Postoperative Care 


By Philip Thorek, M.D., F.A.C.S., F.LC.S 
Illustrated by Carl Linden 


Relying on the use of original illustrations cou- 
pled with succinct, on-target text, this second 
edition of Illustrated Preoperative and Postopera- 
tive Care is a masterful exposition of Dr. Thorek’s 
rich personal experience. 


Practicalitv is the theme as Dr. Thorek covers 
evaluation of the surgical patient, the immediate 
post-op period, the recovery room, use of fluid 
and electrolvtes, chemotherapy, and surgical 
complications. The chapter on surgical pharma- 
cologv, new to this edition, includes the concepts 
of alpha and beta stimulators and blockers as 
they pertain to the therapeutic value of various 


drugs. 


The beautiful illustrations support the text ad- 
mirablv, and in many cases are fully explanatory 
in themselves. 


«<< 


. a useful reference source for neophyte or 
experienced surgeon alike."—Military Medicine 
“. . . invaluable to any student, surgeon, resident, 
intern or clerk, who ever intends to do surgery 
of any type. —International Surgery. 


147 Pages * 79 Illus. * 2nd Edition, 1973 > 


$12.00 
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Please send me: 
[] ILLUSTRATED PREOPERATIVE 


AND POSTOPERATIVE CARE ....... $12.00 
Name —— TD 
Address MR T NORTHERN, 
City __. —.State | | Zip 


Charge and bill me 


[] Payment enclosed 
Plus postage & handling 


Save postage & handling 


Also available at your medical bookstore AS 4/80 
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TICAR 


Ticarcillin Disodium) 





AND CERTAIN AMINOGLYCOSIDES 
MAY PROVE 
THERAPEUTICALLY SUPERIOR 


BROADER ANTIBACTERIAL 
"COVERAGE 


. The concomitant use of TICAR and gentamicin or 
tobramycin provides a wider in vitro antimicrobial 
Spectrum than each antibiotic alone* Range includes 
. Bacteroides species such as B. fragilis and other 
. anaerobic bacteria. 


REDUCTION OF MICS 


TICAR with gentamicin or tobramycin in vitro often 
reduces the Minimum Inhibitory Concentrations 


(MIC S) of these antibiotics against Pseudomonas 


aeruginosa by a factor of 4 or more.t (An important 
consideration when aminoglycoside serum levels are 


similar to the MIC'S of the Pseudomonas strain.) 


EFFICACY IN N EUTROPENIC 
PATIENTS 


TICAR is "... effective regardless of the patient's 


. neutrophil count; while gentamicin and tobramycin 
. are reported to be only minimally effective in 


ig . neutropenic patients! 


——Not all strains are susceptible. /n vitro susceptibility should not be translated 


. to clinical effectiveness. 
: TOata on file, Medical Department, Beecham Laboratories. 
fNumber of patients responding/total number of patients evaluated. 


l i Bodey GR et al: Management of Bacterial Infections in Cancer Patients. 


Chemotherapy. Reprinted with permission from: Proceedings of the 9th 
international Congress of Chemotherapy. London, 1975, f, Clinical Aspects 
of Infections. 


2. Parry MF. Neu HC: A comparative study of ticarcillin plus tobramycin 


«^ versus carbenicillin plus gentamicin for the treatment of serious infections 
due to Gram-negative bacilli. American Journal of Medicine 64:961-966. 1978. 


3. Murillo J,et ai: Comparison of serum bactericidal activity among three 


. antimicrobial combinations. Antimicrobial Agents and Chemotherapy 
- 13(6):992-996, 1978. 


ses 4. Neu HC, Parry MF: Ticarcillin in serious infections. Read before the Ticarcillin 


" International Symposi um, Burgenstock, Switzerland, September. 1977 
. Please see brief summary of prescribing information on next page. 


TICAR AND 
GENTAMICIN OR TOBRAMYCIN: 
SUPERIOR CLINICAL RESULTS 


With Tobramycin: 
Patients "...responded more frequently..:? when 
TICAR was used concomitantly with tobramycin: 


Clinical Efficacy in Pulmonary Infections 
Due To Pseudomonas aeruginosa 


(Adapted from Parry and Neu?) 


9296 70% 


(33/36) (28/40) 





TICAR/ Carbenicillin/ 
Tobramycin Gentamicin 


"The combination of TT [TICAR and tobramycin] 
appears to be superior to CG [carbenicillin and 
gentamicin] for the treatment of pulmonary infections 
due to Pseudomonas aeruginosa’* 


With Gentamicin: 

“T G[TICAR and gentamicin] is an extremely useful 
initial antimicrobial regimen for empiric therapy of 
febrile episodes in granulocytopenic cancer patients? 


 Ticarcillin is a safe and highly effective parenteral 
semi-synthetic penicillin.’ for serious Pseudomonas 
infections due to susceptible strains? 


Beecham 


laboratories 
BRISTOL, TENNESSEE 37620 
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TICAR 
(Sterile Ticarcillin Disodium) 


for Intramuscular or Intravenous Use 
For complete prescribing information. consult official package insert 


ACTIONS: Ticarcillin is bactericidal. it is not absorbed orally. there- 
fore. it must be administered intravenously or intramuscularly 


INDICATIONS: TICAR (Ticarcillin Disodium) is indicated for the 
treatment of the following infections 
Bacterial septicemiat 
Skin and soft-tissue infections t 
Acute and chronic respiratory tract infections t 1 
aused by susceptible strains of Pseudomonas aeruginosa. 
roteus species (both indole-positive and indole-negative) 
and Escherichia coli 
i (Though clinical improvement has been shown. bacterio- 
logical Cures cannot be expected in patients with chronic 
respiratory disease or cystic fibrosis.) 
Genitourinary tract infections (complicated and uncomplicated) 
due to susceptible strains of Pseudomonas aeruginosa. Pro- 
teus species (both indole-positive and indole negative). 
Escherichia coli. Enterobacter and Streptococcus faecalis 
(enterococcus). 

Ticarcillin is also indicated in the treatment of the following 

infections due to susceptible anaerobic bacteria: 

(1) Bacterial septicemia 

(2) Lower respiratory tract infections such as empyema. anaerobic 
pneumonitis and lung abscess 

(3) intra-abdominal infections such as peritonitis and intra-abdomi- 
nal abscess (typically resulting from anaerobic organisms resi- 
dent in the normal gastrointestinal tract). 

(4) Infections of the female pelvis and genital tract such as endo- 
metritis, pelvic inflammatory disease. pelvic abscess and 
salpingitis. 

(5) Skin and soft-tissue infections. 

. Although Ticarcillin is primarily indicated against Gram-negative 

infections. its in vitro activity against Gram-positive organisms 

Should be considered in treating infections caused by both Gram- 

negative and Gram-positive organisms. 

sed on the in vitro synergism between Ticarcillin and genta- 
micin sulfate or tobramycin sulfate against certain strains of 

Pseudomonas aeruginosa, combined therapy has been successful. 

using full therapeutic A re 
Culturing and susceptibility testing should be performed initially 

and during treatment. 


CONTRAINDICATIONS: A history of allergic reaction to any of the 
penicillins is a contraindication. 


WARNINGS: Anaphylaxis may occur, especially in patients with an 
allergic diathesis. Check for a history of allergy to penicillins. 
cephalosporins or other allergens. If an allergic reaction occurs. the 
drug should be discontinued unless. in the opinion of the physician. 
the Condition being treated is life-threatening and amenable only to 
Ticarcillin therapy. Serious anaphylactic reactions require immediate 
emergency treatment with epinephrine. oxygen. intravenous steroids 
and airway management 

Some patients receiving high doses of Ticarcillin may develop 
hemorrhagic manifestations associated with abnormalities of coagu- 
lation tests. Patients with renal impairment. in whom excretion of 
Ticarcillin is delayed. should be observed for bleeding manifesta- 
tions. Such patients should be dosed strictly according to recom- 
mendations. If bleeding manifestations appear. Ticarcillin treatment 
I be discontinued and. if necessary. appropriate therapy in- 
stituted. 


PRECAUTIONS: During prolonged treatment. periodic checking for 
organ system dysfunction (renal, hepatic and hematopoietic) is 
advisable. If overgrowth of resistant organisms occurs. the appro- 
priate therapy should be initiated 

Since the theoretical sodium content is 5.2 milliequivalents (120 
mg) per gram of Ticarcillin. electrolyte and cardiac status should 
be monitored carefully l l 

In a few patients receiving intravenous Ticarcillin. hypokalemia 
has been reported. Serum potassium should be measured 
periodically 


USAGE DURING PREGNANCY: Reproduction studies have been 
performed in mice and rats and have revealed no evidence of 
impaired eue d or harm to the fetus due to Ticarcillin. There are 
fio well-controlled studies in pregnant women. but investigational 
EN does not include any positive evidence of adverse 
eflects on the fetus. Although there is no clearly defined risk. 
Such experience cannot exclude the possibility of infrequent or 
subtle damage to the fetus. Ticarcillin should be used in pregnant 
women only when clearly needed 


ADVERSE REACTIONS: The following adverse reactions may 
occur: Skin rashes, pruritus. urticaria, drug fever. nausea. vomiting. 
anemia, rte i ba ne leukopenia, neutropenia, eosinophilia. 
SGOT and SGPT elevations have been reported. Patients. especially 
those with impaired renal function, may experience convulsions or 
neuromuscular excitability when very high doses of the drug are 
administered. l l 

Local reactions at the site of injection have been reported. 
Vein irritation and phlebitis can occur, particularly when undiluted 
solution is directly injected into the vein. 


DOSAGE AND ADMINISTRATION: Usual adult recommended dos- 
age in bacterial septicemia, respiratory tract infections, skin and 
Soft-tissue infections, intra-abdominal infections and infections of 
the female pelvis and genital tract, is 3 grams by intravenous in- 
fusion every 3, 4 or 6 hours depending on weight and severity of 
infection; in uncomplicated urinary tract infections. 1 gram I.M. or 
direct I V. q.i.d.; in complicated urinary tract infections. 3 grams q i.d. 
by LV. infusion. 

Please consult official package insert for details on dosages for 

tients with renal insufficiency, children, neonates and directions 
Or use. 


Gm, 3 Gm and 6 Gm Standard Vials 
Gm and 6 Gm Piggyback Bottles 


Beecham 
laboratories 
BRISTOL TENNESSEE 37620 


ATLAS OF APPLIED 
VASCULAR SURGERY 


By KIYOSHI INOKUCHI, M.D., 
and AKIRA KUSABA, M.D. 





Here is a unique and timely atlas text describing 
the wide variety of diseases and lesions that have 
been successfully treated through vascular anas- 
tomoses performed with a new stapling instrument 
Originated and perfected by Dr. Inokuchi. 


The extensive experiences of the authors with ves- 
sel suturing equipment have extended the use of 
these instruments beyond the repair and recon- 
struction of vessels, to other areas of surgery. For 
example, use of the Inokuchi stapling instrument 
has made possible the free transplantation of intes- 
tine as a reconstruction of the cervical esophagus. 


A highlight of the book is a discussion of the many 
problems and difficulties which arise in portacaval 
shunt for portal hypertension. The authors have 
realized success in this operation and describe a 
new technique—left gastric venous-caval shunt. 


This highly descriptive book contains details on 
the design of the Inokuchi vascular stapler and 
step-by-step instructions on its use and applica- 
tions. Many of the operations performed utilizing 
the device are discussed, describing the 
techniques used and giving case histories. 


198 pages / 301 illustrations, including 68 photographs. 
11 in color / 21 Tables / 1975 / $57.00. 
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"i ARCHITECT 
OF SLEEP 


DALMANE’ 
(flurazepam HCE 


30-MG AND 15-MG CAPSULES 
SLEEP LABORATORY PROOF: 


significant effectiveness from night 1 through night 28 in chronic insomniacs' ` 
Insomniais often transient and the prolonged administration of Dalmane 





seldom necessary When extended therapy is required, periodic 
blood counts and liver and kidney function tests should be performed 


ino insomnia rebound when discontinued after 14 consecutive nights of use’ 
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The model of hypnotic evaluation and efficacy 


DALMANE 


urazepam HC 


One 30-mg capsule h.s. — usual adult dosage 
(15 mg may suffice in some patients). 
One 15-mg capsule h.s. — recommended dosage 
for elderly or debilitated patients. 


fl 





Before prescribing Dalmane (flurazepam 
HCI), please consult complete product 
information, a summary of which follows: 
Indications: Effective in all types of insom- 
nia characterized by difficulty in falling 
asleep, frequent nocturnal awakenings 
and/or early morning awakening; in patients 
with recurring insomnia or poor sleeping 
habits; in acute or chronic medical situa- 
tions requiring restful sleep. Objective 
sleep laboratory data have shown effective- 
ness for at least 28 consecutive nights of 
administration. Since insomnia is often 
transient and intermittent, prolonged 
administration is generally not necessary 
or recommended. 
Contraindications: Known hypersensitivity 
to flurazepam HCI. 
Warnings: Caution patients about possible 
combined effects with alcohol and other 
CNS depressants. Caution against hazard- 
ous occupations requiring complete mental 
alertness(e.g., operating machinery, driving). 
Usage in Pregnancy: Several studies 
of minor tranquilizers (chlordiaze- 
poxide, diazepam, and meprobamate) 
suggest increased risk of congenital 
malformations during the first tri- 
mester of pregnancy. Dalmane, a 
benzodiazepine, has not been stud- 
ied adequately to determine whether 
it may be associated with such an 
increased risk. Because use of these 
drugs is rarely a matter of urgency, 
their use during this period should 


almost always be avoided. Consider 

possibility of pregnancy when insti- 

tuting therapy; advise patients to 

discuss therapy if they intend to or 

do become pregnant. 
Not recommended for use in persons under 
15 years of age. Though physical and 
psychological dependence have not been 
reported on recommended doses, use cau- 
tion in administering to addiction-prone 
individuals or those who might increase 
dosage. 
Precautions: In elderly and debilitated, 
limit dosage to 15 mg to reduce risk of over- 
sedation, dizziness, confusion and/or 
ataxia. Consider potential additive effects 
with other hypnotics or CNS depressants. 
Employ usual precautions in patients who 
are severely depressed, or with latent 
depression or suicidal tendencies, or with 
impaired renal or hepatic function. Periodic 
blood counts and liver and kidney function 
tests are advised during repeated therapy. 
Adverse Reactions: Dizziness, drowsiness, 
lightheadedness, staggering, ataxia and 
falling have occurred, particularly in 
elderly or debilitated patients. Severe seda- 
tion, lethargy, disorientation and coma, 
probably indicative of drug intolerance or 
overdosage, have been reported. Also 
reported: headache, heartburn, upset 
stomach, nausea, vomiting, diarrhea, con- 
stipation, GI pain, nervousness, talkative- 
ness, apprehension, irritability, weakness, 
palpitations, chest pains, body and joint 


pains and GU complaints. There have also 
been rare occurrences of leukopenia, 
granulocytopenia, sweating, flushes, diffi- 
culty in focusing, blurred vision, burning 
eyes, faintness, hypotension, shortness 

of breath, pruritus, skin rash, dry mouth, 
bitter taste, excessive salivation, anorexia, 
euphoria, depression, slurred speech, 
confusion, restlessness, hallucinations, 
paradoxical reactions, e.g., excitement, 
stimulation and hyperactivity, and elevated 
SGOT, SGPT, total and direct bilirubins 
and alkaline phosphatase. 

Dosage: Individualize for maximum 
beneficial effect. 

Adults: 30 mg usual dosage; 15 mg may 
suffice in some patients. E/derly or debili- 
tated patients: 15 mg initially until response 
is determined. 

Supplied: Capsules containing 15 mg or 
30 mg flurazepam HCI. 


REFERENCES: 1. Kales A, et al: Clin 
Pharmacol Ther 18: 356-363, Sep 1975. 

2. Kales A, et al: Clin Pharmacol Ther 19: 
576-583, May 1976. 3. Dement WC, et al: 
Long-term effectiveness of flurazepam 

30 mg h.s. on chronic insomniacs. Presented 
at the 15th annual meeting of the Associa- 
tion for Psychophysiological Study of Sleep, 
Edinburgh, Scotland, Jun 30-Jul 4, 1975. 

4. Kales A, et al: J Clin Pharmacol 17: 
207-213, Apr 1977. 
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Muscle and Plasma Amino Acids after Injury 


Hypocaloric Glucose vs. Amino Acid Infusion 


J. ASKANAZI, M.D., P. FURST, M.D.,* C. B. MICHELSEN, M.D., D. H. ELWYN, PH.D., E. VINNARS, M.D.,t 
F. E. GUMP, M.D., F. E. STINCHFIELD, M.D., J. M. KINNEY, M.D. 


This study examines the effect of three different hypocaloric 
diets on the patterns of muscle and plasma amino acids in 
patients undergoing total hip replacement. Group I (seven pa- 
tients) received 90 g/day of glucose, Group II (seven patients) 
received 70 g/day of amino acids, Group III (eight patients) 
received both 90 g of glucose and 70 grams of amino acids 
per day. Utilizing the percutaneous biopsy technique of Berg- 
stróm, free amino acid patterns in muscle and plasma were 
analyzed pre- and postoperatively (day 4). The postoperative 
pattern of amino acids was characterized by elevated levels 
in muscle and plasma of the branched chain amino acids, 
phenylalanine, tyrosine and methionine. There was a marked 
decrease in muscle glutamine and smaller decreases in the 
basic amino acids in both muscle and plasma. Muscle:plasma 
concentration ratios increased for the neutral amino acids, 
decreased for glutamine and the basic amino acids and were 
unchanged for the acidic amino acids. The patterns seen after 
hip replacement are almost identical to those seen after colec- 
tomy or accidental injury. There was little effect of diet on 
amino acid concentrations in muscle. In plasma, concentra- 
tions of leucine, isoleucine, valine and proline were higher 
in Group Il in the absence of glucose intake, than in the other 
groups. Lysine was lower in Group I with no amino acid intake 
than in the other groups. Thus, there is a unique amino acid 
pattern associated with operative trauma which is relatively 
unaffected by hypocaloric, intravenous nutrition. 


HE METABOLIC RESPONSE to trauma is usually as- 
T sociated with a negative nitrogen balance. The 
severity of the condition is usually reflected by the 
extent of negativity which is largely the result of protein 
breakdown in muscle.? This catabolic condition is 
thought to be associated with translocation of amino 
acids from muscle to viscera resulting in abnormalities 
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Sweden. 
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in amino acid metabolism. The mechanism and signif- 
icance of these changes are incompletely understood. 
There are numerous reports of derangement of plasma 
amino acid metabolism in trauma.!?^?^** However, 
when discussing plasma amino acid concentrations, it 
should be remembered that the largest pool of free 
amino acids are not in the extracellular space but within 
the cells. A fundamental question is whether a unique 
pattern of free amino acids exists in muscle which is 
distinctive for the disease or condition studied. The 
development of the percutaneous needle biopsy tech- 
nique provides a safe method for quantitative measure- 
ment of the composition of human muscle under a 
variety of physiologic and pathologic conditions.? Us- 
ing this technique, characteristic changes of muscle 
amino acids in different catabolic states (uremia, di- 
abetes, injury and immobilization) have been demon- 
strated?-ï-+2-23.38.40 suggesting that a unique pattern of 
muscle free amino acids appears to be characteristic for 
each condition. 

Current developments have made it possible to sup- 
port traumatized patients with energy sources and 
crystalline amino acids by intravenous means. Although 
many studies have been conducted on the amounts 
and proportion of nutrients!9:25:26.3235 to be used in sur- 
gical patients, the optimal composition of the nutrition 
for an injured patient remains unclear. 

In the present study our aims were to investigate 
the effect of severe operative trauma on the intracellu- 
lar free amino acid pattern of muscle and plasma 
and to examine the effect of hypocaloric postoperative 
nutrition with glucose and amino acids alone or in 
combination. 


0003-4932/80/0400/0465 $00.90 © J. B. Lippincott Company 
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466 ASKANAZI AND OTHERS 


Materials and Methods 
Patients and Experimental Protocol 


Twenty-two patients undergoing total hip replace- 
ment were hospitalized on a metabolic research unit 
for two days prior to and five days after operation. 
The study was approved by the Institutional Review 
Board. The nature, purpose and possible risks involved 
in the study and in particular the muscle biopsy tech- 
nique were explained to the patients and their voluntary 
written consent obtained. All patients were active and 
healthy except for pain and disability associated with 
bony degeneration of the hip. All patients were on a 
regular diet prior to the study and appeared to be well 
nourished. Routine chemical analyses of plasma (SMA-6, 
SMA-12), analyses of urine, blood chemistry, EKG, 
chest x-ray and CBC revealed normal findings. There 
was no evidence of diabetes, cardiac insufficiency, or 
kidney, liver or thyroid diseases. Information concern- 
ing the age, sex distribution and body size is given 
in Table 1. 

On the morning of the operation, 19 of the 21 patients 
had a percutaneous muscle biopsy (vida infra) after 
induction of anesthesia (pentothal). Following the 
operation, each patient was kept in the recovery room 
for two to three hours and then returned to the surgical 
metabolism unit where the assigned nutritional regimen 
was started. The three nutritional regimens used are 
specified in Table 1. 

A repeat biopsy was performed on the morning of 
the fourth postoperative day in the postabsorptive 
state. The infusion was changed to normal saline at 
40 ml/hr eight hours prior to the second biopsy. Local 
anesthesia (xylocaine 1%) was used, confined to the 
skin only. 


Muscle Biopsy and Analyses 


The muscle biopsies were taken from the lateral por- 
tion of the quadriceps femoris muscle, about 15-20 
cm above the knee. The wet biopsy material was dis- 
sected carefully to remove visible fat and connective 
tissue.* The material was then divided into four por- 
tions. Two smaller samples (10—15 mg) were used for 
determination of water, fat and electrolytes? and the 
other two (15-20 mg) were used for measurements 
of free amino acids.®8-9 

The calculation of extra- and intracellular water was 
based on the chloride method” according to Nernst's 
equation," assuming a normal resting transmembrane 
potential of —87.2 mv.'! Knowing the total water and 
chloride content in plasma, one can calculate the ex- 
tracellular water volumes.'? The intracellular concen- 
tration of each individual amino acid was calculated 
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by subtracting the free extracellular part from the total 
amount, assuming the plasma concentration to be equal 
to the concentration in the interstitial fluid. In this cal- 
culation, it was also assumed that none of the amino 
acids (except tryptophan) are bound to proteins.? 
These calculations are described in extenso.? Although 
the lack of measured values of membrane potential 
may lead to error, it does not invalidate the qualitative 
conclusions. The probiems in using this calculation in 
surgical patients have been discussed in detail.??:24.40 

The free amino acids of plasma and muscle were 
determined after precipitation with sulphosalicylic 
acid? by using an automated amino analyzer, modi- 
fied from one previously described!5 and using resin 
from Dianex Co. (Sunnyvale, Calif.) and Li Citrate 
buffer. Serum chloride and albumin were measured 
by routine methods. 


Statistics 


Statistical calculations were carried out by using a 
Prime 300 computer, applying routines derived from 
the Scientific Subroutine Package Library (SSPL). Re- 
sults are expressed as mean values + SEM. Statistical 
significance was assessed by both unpaired and paired 
t-tests. The preoperative values in the hip patients were 
compared with values observed in male subjects in 
the age range of 21—45.? Only muscle lysine was found 
to be significantly elevated in the preoperative patient 
group (p — 0.001). A comparison between the three 
preoperative groups revealed no significant differences. 
Hence all the preoperative data were combined into 
one group, and unpaired t-tests were used to compare 
the values in the three postoperative groups to the 
preoperative control values. Paired t-tests within re- 
spective groups showed essentially the same direction 
of change as the unpaired t-tests although with less 
significance due to the relatively limited number of 
Observations. 


Results 


The concentration of each of the branched chain 
amino acids (valine, leucine, isoleucine) in muscle was 
increased in all three groups compared to preoperative 
values (Table 2, Fig. 1), as were the aromatic amino 
acids (phenylalanine, tyrosine). The rise in the valine 
level in Group II (amino acids alone) was greater 
than in Groups I and III (p < 0.01). A significant in- 
crease is seen in methionine concentrations (Fig. 2). 

Plasma concentrations of the corresponding amino 
acids were also increased. The elevations observed 
for valine and leucine in Group II were greater than 
those found in Groups I and III. 


be 
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TABLE 1. Patient Description, Postoperative Nutrition and Corresponding Postoperative Nitrogen Balance 
in 22 Patients Undergoing Total Hip Replacement (Mean + SD) 
a ee a nal MEUM MM. LA LM UM. 


Sex Dis- 
tribution Postop? 
Age Body Surface Daily N-balance 
Group n F M (yrs) Area (m?) Postop Nutrition (g/day/m?) 


I 7 3 4 54 + 14 E 
I 7 2 5 96 € 9 LT 
IH 8 4 4 57 € 9 1.78 


.14 Glucose (90 g/day)* -5.0 + 1.7 
17 Amino Acids (70 g/day)? —5.15 + 1.4 
18 Glucose (90 g/day) & Amino 

acids (70 g/day) —4.1 + .95 





* Given as 5% Dextrose. 


There was a profound decrease in glutamine in mus- 
cle, postoperatively, with no corresponding alteration 
in plasma (Fig. 3, Table 3). Alanine levels in muscle 
decreased only in Group II, while the plasma concen- 
trations were reduced in all 3 Groups. Glycine levels 
increased in muscle in Groups II and III (Fig. 3, Table 
3). In contrast, plasma concentrations were decreased 
in Group I and were unaltered in the other groups. 
There was also a decrease in muscle lysine and argi- 
nine in both groups receiving amino acids. The plasma 
concentration (Fig. 4) of lysine was found to be de- 
creased in Group I (p < 0.05), but not in the other 
groups. 

As a consequence of the postoperative changes in 
plasma and muscle concentrations, many of the resultant 
muscle/plasma ratios were found to be significantly 


+ Given as 3.5% Freamine. 


changed as indicated in Tables 2 and 3. It is important 
to note that the basic amino acids exhibited decreased 
muscle/plasma gradients, while the neutral amino acids 
showed a tendency toward increased gradients. 


Discussion 


Hypocaloric glucose administration by peripheral 
vein is the primary way of providing postoperative nu- 
trition in the United States. Since a key component 
of the metabolic response to injury is a translocation 
of amino acids from muscle to plasma, nutrition with 
hypocaloric carbohydrate as the sole nutrient has been 
criticized. Nitrogen sparing through the use of pe- 
ripheral amino acid infusions has been advocated by 
Blackburn et al.'® In this concept glucose has been 
postulated to be detrimental, owing to an increased 


TABLE 2. Essential Amino Acids (Mean + SEM) 


Preoperative 


Group I (N = 7) 


Postoperative 


Group II (N = 7) Group III (N = 8) 


M P M/P M P M/P M P M/P M P M/P 
VAL .356 .246 1.65 .682* 3287 2.07 728* Ba F e 1.38 .688* 381^ 1.82 
.023 .014 .29 .088 .019 I9 .047 .025 .10 .059 .027 .13 
LEU .214 .146 1.52 .487* 433^ 2.04% aala .343* 1.45 .493* .250* 2.04 
.018 .008 .14 .041 .014 ,13 .051 .018 .15 .036 .019 d 
ISOL .097 .062 1.65 .300* ,102* 2.901 .301* ,1635* 1.91 ,JU7* Y E Ah 2.32 
.009 .003 ,18 .028 .008 .31 .032 .013 .20 .027 .009 wr 
PHE .092 .065 1.44 .201* .089* AB .167* .087* 172 ADI .086* 2.50" 
.007 .003 .10 .028 .006 .28 .020 .005 YA .020 .006 .30 
TRY ATI .074 1.50 .203* .077 2.65* 173 .094* 1.99 anu" .082 2.73* 
.013 .004 .14 .017 .003 .24 .022 .006 .28 .029 .006 .24 
METH .041 .025 1,73 .148* .030 4.88* ,151* .046 3.38* BI .037* 3.64* 
.005 .001 d .020 002 .38 024 .009 .55 021 .003 .63 
THR .82 .139 5.8 1.2] .149 8.5 .90 .120 is 1.06 .148 7.5 
.07 .008 3 ,19 .013 1.8 .10 .013 i" .12 .018 .9 
LYS 1.15 212 Dio e .067 14.5* P i .180 33 oiu .194 3.9 
.06 009 3 412 .004 1.1 .02 .013 5 .07 .020 9 
* p « 0.001. M = Muscle Amino Acids (m Moles/liter intracellular H,O). 
t p < 0.01. P = Plasma Amino Acids (m Moles/liter plasma H;O). 


tp < 0.05. M/P = Muscle/Plasma ratio. 
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FREE AMINO ACID PATTERNS AFTER TOTAL 
HIP REPLACEMENT 


GROUP I = 90 GM DsW/DAY 
GROUP I= 70GM AA/DAY 
GROUP III = 90 GM DsW/DAY 
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Fic. 1. Valine, leucine and isoleucine patterns after total hip replacement. 


insulin secretion with concomittant decrease in fat 
mobilization. This contention has been supported?’ and 
disputed.!9:? In Europe a balanced normocaloric form 
of total parenteral nutrition (TPN) is preferrred with 
the simultaneous use of intravenous carbohydrate, fat 
and amino acids. Thus, the optimal amount and com- 
position of postoperative nutrition remains to be 
established. 


FREE AMINO ACID PATTERNS AFTER TOTAL 
HIP REPLACEMENT 


GROUP I = 90GM DsW/ DAY 
GROUP II = 70GM AA/DAY 
GROUP III = 90 GM DsW/DAY 
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Fic. 2. Phenylalanine, tyrosine and methionine patterns after total 
hip replacement. 
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The present study is an attempt to determine whether 
postoperative trauma produces characteristic changes 
in plasma and muscle free amino acids and whether 
specific alterations can be attributed to different hypo- 
caloric nutritional regimens using glucose and amino 
acids alone or in combination. 

The pattern of amino acids is known to be influenced 
by numerous factors including age related changes,'*4 
sex distribution,** physical activity? and the dietary 
intake prior to the investigation. As given in Table 1, 
the three different groups were similar in these respects, 
thus allowing an objective comparison of postopera- 
tive results with those seen preoperatively. In addition, 
net negative nitrogen balances were about the same, 
irrespective of the nutritional regimen used (Table 1). 

The alterations observed in intracellular amino acid 
patterns were in good agreement with earlier findings,?: 
^^^ emphasizing that typical changes occur in the post- 
traumatic state. It appears that injury is characterized 
by increased muscle concentrations of the branched 
chain amino acids, phenylalanine, tyrosine, methio- 
nine and glycine, and decreased concentrations of lysine, 
arginine and glutamine. As shown in Tables 2 and 3 and 
Figures 1—4, the corresponding changes in plasma 
amino acids may parallel those in muscle but frequently 
differ either quantitatively or in the direction of change. 
Thus, it appears that the intracellular free amino acid 
pattern of muscle is characterized by a unique "pattern 
of trauma." 

The most striking finding in the present work was, 
however, that the ‘‘pattern of trauma’’ was maintained 
irrespective of nutritional regimens, thus there were 
no major differences between the three postoperative 
groups. This would suggest that the hormonal milieu 
seen in the injury state causes changes in muscle which 
nutrition can only affect in minor ways. Exceptions 
were muscle lysine and arginine which seemed to be 
influenced by the glucose supply but not by amino 
acid administration. Muscle alanine concentrations 
were significantly decreased in Group II, who received 
amino acids alone, compared both with Groups I and 
III as well as with the preoperative mean value. In 
contrast, with muscle, plasma free amino acid were 
affected by the difference in nutritional treatment. Car- 
bohydrate administration either with or without amino 
acids was associated with lower plasma levels of the 
branched chain amino acids than following treatment 
with amino acids alone, though this was not reflected 
in muscle. Plasma lysine concentration was significantly 
lower in Group I, given glucose only than in the other 
two groups. These specific effects of carbohydrate were 
probably mediated via insulin in agreement with several 
investigations showing that administration of glucose 
or insulin was associated with depression of certain 


Vol. 191 e No. 4 


amino acids, especially the branched chain amino acids, 
and glycine.!*5?-*» [t has also been postulated that mus- 
cle is the primary site of amino acid uptake during 
carbohydrate administration.?? Thus, a closer correla- 
tion between muscle and plasma amino acid patterns 
might have been expected then was actually found. 
It is noteworthy that the intracellular pools of lysine 
and arginine, both basic amino acids, were found to 
be depleted, in good agreement with earlier published 
data.***? These depletions were greater in Group II 
and III, than in Group I where the slight decreases 
were not statistically significant, suggesting that the 
presence or absence of amino acids in the diet may 
influence the transport of these basic amino acids. Ly- 
sine depletion in Group II and III might be expected, 
since it was shown earlier that it was necessary to 
supply 77 mg lysine/kg body weight for a normalization 
of this pool.** In contrast, in the present study, less 
than 10 mg lysine/kg body weight was given which 
was probably insufficient to meet the postoperative 
lysine requirement. 

Elevated levels of the branched chain amino acids 
in both muscle and plasma are a consistent finding, ob- 
served in this investigation, in earlier studies in post- 
operative patients?*?? and in patients suffering from 
severe injuries or burns.?? The concentrations of these 
amino acids in plasma were more elevated when 
only amino acids were given. It was suggested by 
Odessey et al.*’ that branched chain amino acids inhibit 
the flux of amino acids from muscle, effectively de- 
creasing muscle breakdown. It was also reported that 
these amino acids induce improvement in N balance 
through a branched chain amino acid- alanine cycle.?? 
Recently, Freund et al. reported better nitrogen balance 
when infusing branched chain amino acids in septic 
and injured patients.?"?! Thus, it seems possible that 
an improved muscle protein synthesis is mediated by 
an increased concentration of branched chain amino 
acids in muscle and plasma. However, as shown in 
Figure 1, the opposite occurs in trauma, in which in- 
creased concentrations are seen in both muscle 
and plasma. This suggests that changes in branched 
chain amino acids do not mediate but rather result 
from changes in protein synthesis. Thus in trauma, 
increased net catabolism results in increased release 
of amino acids including the branched chain amino 
acids. Furthermore, the concentration of the branched 
chain amino acids were elevated both in muscle and 
plasma while the large negative nitrogen balances re- 
vealed net protein catabolism in all three groups. This 
would argue against the proposed action of branched 
chain amino acids in this study. On the other hand, 
data analysing 3 Me Histidine excretion in trauma 
showed that postoperative muscle protein breakdown 
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FREE AMINO ACID PATTERNS AFTER TOTAL 
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Fic. 3. Glutamine, alanine and glycine patterns after total hip 
replacement. 


was correlated to the body protein loss as measured 
by nitrogen balance.*® Amino acid administration im- 
proved nitrogen balance in spite of increased turnover 
of muscle protein. This strongly suggests that in trauma, 
amino acids improve nitrogen balance in stimulating 
protein synthesis.?^?? Consequently, it may be ex- 
pected that the observed increase in branched chain 
amino acids provides a stimulus to protein synthesis 
and thus limits rather than mediates the extent of mus- 
cle protein catabolism brought about by trauma. 

High plasma phenylalanine levels are frequently 
found in catabolic situations*'^? and it is suggested that 
this increment might be due to an increased release of 
phenylalanine from skeletal muscle.*!*? We have ob- 
served an increased level of phenylalanine in plasma 
and an intracellular accumulation of muscle free phen- 
ylalanine. There is also the possibility that the high 
concentration of aromatic amino acids and methionine 
is at least partly dependent on impaired liver 
function.?9-*? 

A profound decrease (about 50%) in muscle glutamine 
concentration was a consistent finding in all three 
groups. This finding seems to be one of the most typi- 
cal features after injury. This is important because glu- 
tamine comprises more than 50% of the total free amino 
acid pool. Intracellular glutamine was reported to be 
reduced by 40% when measured four days after colec- 
tomy while receiving normocaloric TPN.?! A 50% de- 
crease in intracellular glutamine was also seen in severe 
multiple trauma and burns four to eight days after in- 
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TABLE 3. Nonessential Amino Acids 


Postoperative 





jury.” This occurred regardless of whether amino acids 
were given or not. This consistent decrease in the in- 
tracellular glutamine pool occurs irrespective of the 
degree of trauma or the mode of nutrition, suggesting 
that the observed depletion is virtually obligatory. 
Whatever the dietary regimen, any injury above a 
moderate degree seems to stimulate a maximal response. 
The lack of this most important nonessential amino 
acid might be a serious limiting factor for optimum 
protein synthesis. Increased glutamine transport, due 
to accelerated gluconeogenesis in the liver may serve 
as a possible explanation. An additional factor might 
be arelative inability to reutilize available amino groups 
for glutamine synthesis. Increased tissue catabolism 
alone cannot explain the posttraumatic amino acid 
pattern, since as shown in Tables 2 and 3 and Figures 
1—4, certain amino acids show no change or reveal a 
decreased concentration following trauma. On the 
other hand, such selective changes could be the result 


Preoperative Group I Group II Group III 
M P M/P M P M/P M P M/P M P M/P 
GLN 18.8 .694 21.3 9.5* .592 4* 8.8* 513 16.1* 9.8* i933 17.8* 
1.17 029 L3 71 035 4 1.95 .033 2.3 86 .035 1.7 
ALA 2.41 .346 T 2.34 XE 34 1.90 .226* 8.3 247 aoa" ‘Li 
14 .018 4 29 .019 8 17 .018 8 15 022 1.1 
GLY 1.68 .269 6.5 1.94 .192t 0.5% 2.321 289 li 2.36* .205 Iz" 
11 .019 E 15 .014 iz 16 .02 E 15 .024 1.0 
ARG 72 .104 y 52 .097 0 30* .085 3.11 43* .091 3,14 
06 .006 .6 08 .009 5 05 .008 ae 05 .008 8 
HIST .324 .086 3.8 .2471 .0671 7 .262 .070 3.6 284 073 3.9 
019 004 - 024 004 3 .043 .004 .6 025 003 3 
ORN .345 .059 6.4 170* .074¢ 4 .248 .068 4.0 2291 .055 4.3 
032 .005 .9 026 .008 4 .052 .008 1.0 038 .004 8 
TAU 20.2 .079 254 2253 .070 335 15.9 .069 230 17.3 .072 293 
1.5 004 15 1.5 005 1.8 .006 22 1.3 .004 40 
ASP 2.25 .008 389 1.64 .006 280 2.35 .006 472 2.15 .006 557 
20 001 66 38 001 .19 .001 145 .28 .001 157 
SER .95 .130 7.2 1.00 .115 9.0 1.36 .118 12.0 1.54 .134 12.0 
09 006 8 07 008 9 .20 .01 Fe .14 .015 1.1 
~ GLU 4.05 .042 128 4.53 .035 3.28 .034 116 3.29 .032 111 
25 002 21 74 004 .50 .005 24 .34 .003 15 
PRO .76 .192 4.4 .68 .172 4.2 E p 12 3.2 ae | .142 4.4 
11 016 i 15 018 0 .20 .118 4d .06 .017 8 
AAB .145 .036 4.1 .163 .036 .8 .158 .049 3.4 .196 052" 3.9 
012 002 3 021 004 2 .021 .005 E .021 .003 .6 
* p < 0.001. M = Muscle Amino Acids (m Moles/liter intracellular H,O). 
+p < 0.01. P = Plasma Amino Acids (m Moles/liter plasma H;O). 
tip < 0.05. M/P = Muscle/Plasma ratio. 


of altered amino acid transport. When evaluating the 
postoperative amino acid alterations on a qualitative 
basis, there were significant increases in the muscle 
concentrations of nine amino acids over preoperative 
values. These include most of the essential and 
four nonessential amino acids. For most of these 
amino acids, there is a corresponding increase in 
plasma concentration, although for three amino acids 
the change is not statistically significant. Glycine 
shows a significant decrease in plasma along with an 
increase in muscle. One result of these changes 
is an increased gradient or concentration ratio after 
trauma which is significant for each of the amino acids 
except leucine and valine. Since the relationship of 
muscle to plasma amino acids is a function of the amino 
acid pumps in the membrane wall, these results sug- 
gest a change in the setting of the amino acid transport 
system or ^pumps"' which are responsible for transport 
of amino acids across cell membranes and which serve 
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Fic. 4. Lysine, arginine and histidine patterns after total hip 
replacement. 


to maintain concentration gradients of amino acids be- 
tween intra and extracellular fluids. There are two such 
pumps responsible for transport of the neutral amino 
acids and it would appear that the setting of both is 
increased by trauma. These increased pump settings 
may account for the change in gradient but do not by 
themselves explain the greatly increased amino acid 
concentrations. These changes may also arise from 
the increase in net catabolism of muscle protein after 
trauma. 


P There are five amino acids which show substantial 


and significant decreases in muscle postoperatively. 
These include glutamine, and the four basic amino acids 
—arginine, lysine, histidine and ornithine. Decreases 
in plasma are either small or nonexistent, and the mus- 
cle/plasma ratio is decreased in all cases except histi- 
dine. This means that the setting must be lowered for 
those amino acid pumps which transport the basic 
amino acids and glutamine. Since there is nevertheless 
an increased net release of these amino acids from 
muscle proteins, this change in pump setting, although 
it may facilitate removal of these amino acids from 
muscle, cannot account alone for the lower or un- 
changed plasma concentrations. Furthermore, it is rea- 
sonable to believe that some other tissue, probably 
the liver, kidney and gut are actively removing more 
of these amino acids as well as alanine which was mark- 
edly reduced in plasma (30%), indicating that it also 
was being actively removed by the liver or some other 
tissue. 

While the amino acid pattern in trauma differs from 
other states, it is very similar to that seen in fasting 
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(unpublished data). Since our total hip replacement 
patients were without oral intake for four days post- 
operatively, one may question whether the changes in 
amino acid concentration were due solely trauma or 
at least partly due to dietary causes. However, our 
previous studies have demonstrated that 5% dextrose 
as the sole nutrient for four days in healthy subjects 
is associated with similar but smaller changes which 
cannot account for the entire pattern of changes seen 
in trauma.’ 
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Clinical Characteristics of Hypertension 


in Burned Children 


MARTIN B. POPP, M.D., DANIEL L. FRIEDBERG, M.D., BRUCE G. MACMILLAN, M.D. 


Although systemic arterial hypertension has been recognized 
as a common complication of thermal injury in children, its 
clinical characteristics have not been defined. This review of 
987 burned children, treated over an 11-year period, docu- 
ments development of hypertension in 195 patients (19.8%). 
The problem occurs most frequently in males and in the 7- 10- 
year age group, but does not correlate with racial origin. In- 
cidence increases with burn severity up to a 40% total surface 
burn. The incidence did not vary with the year of treatment 
when changes in patient population were eliminated. Fifteen 
of the 195 patients had hypertensive encephalopathy and seizure 
problems. No other complication or change in mortality could 
be related to hypertension. The problem could not be related 
to location of the burn wound, drug treatment, or differences 
in transfusion and fluid therapy. Comparison of the highest 
daily blood pressure measurements between matched hyper- 
tensive and normotensive groups demonstrated that the hyper- 
tension is limited to the acute phase of burn wound treatment 
and that blood pressures are normal after complete autograft- 
ing. The encephalopathy and seizure problems indicate the 
need for careful blood pressure monitoring and effective anti- 
hypertensive therapy in the treatment of burned children. 


SYNDROME CONSISTING OF systemic arterial hy- 
A pertension, mental lethargy, disorientation, central 
nervous system irritability, and sometimes seizures in 
burned children was first described by Lowrey in 1967.7 
This syndrome was described after a review of 53 
burned children and study of the 13 patients who be- 
came hypertensive. Douglas and Broadfoot further stud- 
ied the problem in 43 burned children, and noted an 
incidence of 37%.' More recently, Falkner et al. evalu- 
ated 54 burned children and found 32% to have 
sustained hypertension and 5746 to have episodic hy- 
pertension.* Only two seizures have been described 
as related to hypertension.” All of these studies clearly 
document the existence of this problem and suggest 
that it is one of the most common complications of 
thermal injury in children. None of them, however, 
reports large numbers of hypertensive burned patients. 
Correlation of the hypertension with the many factors 
which complicate thermal injury is difficult. The extent 
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to which this complication contributes to the morbidity 
of thermal injury and the need for treatment is unknown. 

This syndrome has been recognized at the Cincinnati 
Unit of the Shriners Burns Institute from 1968 through 
1978, during which 987 children were treated for acute 
thermal burn injury. It has been clinically associated 
with a serious seizure and encephalopathy problem 
and treated with an aggressive blood pressure moni- 
toring and antihypertensive program. This retrospec- 
tive review of 195 patients with hypertension docu- 
ments the clinical characteristics of this problem and 
suggests the need for treatment. 


Methods 


The hospital records of 987 acutely burned children 
were available for review and included extensive data 
from the blood pressure monitoring program. Blood 
pressures for most patients during the acute phase of 
their illness, prior to complete autografting, were meas- 
ured either every hour or every six hours. During the 
convalescent phase, after autografting and before dis- 
charge, blood pressures were determined as frequently 
as several times daily and at least every three days. 
In the first two years of this period, the syndrome 
was recognized with less frequency and, therefore, 
monitoring was not as aggressive and records not so 
complete as suggested above. 

Blood pressure data was that routinely obtained by 
nursing personnel. The techniques used were consistent 
with the recommendations of Kirkendall et al.* An as- 
sortment of appropriately sized blood pressure cuffs 
for pediatric use was maintained on the wards through- 
out the time of the study. Personnel were instructed 
in their proper use during this time, and the same 
personnel obtained the acute, convalescent and the 
long-term follow-up data used in these studies. Blood 
pressures were frequently taken with a sterile nonad- 
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herent dressing (Telfa?, manufactured by Kendall 
Company) over either burn wounds or fresh donor sites 
and under the blood pressure cuff. Leg pressures were 
occasionally the only pressures available and were cor- 
rected by subtracting 10 mmHg from measured values 
when used in calculations. 

Patients were classified as hypertensive on the basis 
of a diastolic blood pressure over 90 mmHg sustained 
for at least 24 hours, or treatment with antihypertensive 
agents. The latter classification was necessary as some 
patients had a labile hypertension with high intermittent 
systolic and diastolic blood pressures which were felt 
to require antihypertensive treatment. Records of all 
patients were reviewed to obtain sex, race, age, burn 
size and year of treatment. Data from all patients classi- 
fied as hypertensive were related to that of the entire 
burned group to obtain the incidence of hypertension 
in subpopulations segregated according to the above 
factors. 

The magnitude of blood pressure elevation, the in- 
fluence of location of burn, the incidence of complica- 
tions during therapy, specific drug therapy, and fluid 
therapy as factors in the origin and morbidity of the 
hypertensive problem were evaluated by comparing 
records of a group of hypertensive patients with those 
of a closely matched group of normotensive patients. 
Forty-one hypertensive patients were matched with 41 
normotensive patients as having the same burn size 
(+5% burn index), year of treatment (+one year), age 
(one year), race, and sex. Burn index was calculated 
as the per cent of full thickness burn plus one-half 
the per cent of partial thickness burn. All patients in 
these two groups were used to compare location of burn, 
complications, mortality and specific drug therapy. 

Data from 21 of these hypertensive patients and their 
21 matched controls were used for calculations of mean 
highest daily, mean maximal, mean convalescent, and 
mean long-term blood pressure values for groups of 
normotensive and hypertensive patients. Mean values 
of the highest daily blood pressures for each patient 
were determined during periods of hypertension and 
during identical periods of acute treatment in the nor- 
motensive controls. Maximal blood pressure was the 
highest pressure recorded on each patient's chart. 
Mean convalescent blood pressures were determined 
after complete autografting of the burn wound, after 
ambulation and before discharge. Mean long-term 
blood pressure measurements were compiled from 
measurements taken on return clinic visits and during 
admissions for reconstructive surgical procedures over 
periods of four to eight years postburn. 

Twelve hypertensive patients and 12 normotensive 
control patients had records satisfactory for evaluation 
of fluid and transfusion therapy. This included records 
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of red cell and plasma transfusion, total fluid intake, 
and total fluid output (exclusive of burn wound and 
respiratory losses) measurements from the time of burn 
injury until diagnosis of hypertension. Mean values 
for these measurements could be calculated for the 
entire burn injury period prior to onset of hypertension 
and for the five days preceding onset of hypertension, 
and then be compared with similar values calculated 
for the matched normotensive control patients. 

The relationship between elevated blood pressures, 
seizures, and encephalopathy was evaluated by review- 
ing the records of all patients known to have had a 
seizure during the hospitalization for treatment of acute 
thermal injury. Seizures were classified as related to 
hypertension by the following criteria as suggested by 
Gifford and Westbrook:? a) documented major motor 
seizures; b) marked hypertension during and after the 
event; c) encephalopathic symptoms of irritability, 
headache, lethargy, or coma before, during and after 
the event; d) no other demonstrable etiology; e) re- 
sponse to antihypertensive therapy; and f) no prior 
nor further history of seizure disorder. 

Antihypertensive therapy was variable during the 
initial years of this study, but became more aggressive 
as the encephalopathic potential of this problem was 
appreciated. Initial treatment has consisted of hydrala- 
zine hydrochloride 0.15 mg/kg intramuscularly every 
six hours with other antihypertensive drugs used as 
necessary. Thirty-one of the 41 hypertensive patients 
matched with normotensive patients and 11 of the 21 
hypertensive patients selected for review of blood pres- 
sure data received some form of therapy. None of the 
21 hypertensive patients providing blood pressure data 
received any antihypertensive medication during the 
convalescent phase of his treatment and none of the 
patients with hypertension attributed to burn injury 
has required long-term antihypertensive therapy. 

Data was analyzed by calculation of chi square values 
with the contingency table method and with the use 
of Student's t-test for paired data.? 


Results 


Relationship to Sex, Race, Age, Burn Size, and Year 
of Treatment 


One hundred ninety-five of 987 total patients ad- 
mitted for treatment of acute thermal injury were hy- 
pertensive, giving an overall incidence of 19.896 
(Table 1). Males had a higher incidence than females 
(23.3 vs 1476, p < 0.001). The difference between 
Caucasian (19.2%) and non-Caucasian (23.8%) patients 
was not significant. There was a relationship to age 
(p « 0.001) with patients aged seven to ten years hav- 
ing a higher incidence (30.2—32.3%) than either younger 
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or older patients (8.7—21.6%). Statistical analysis of the 
age data with removal of the 0—2 year age group in- 
dicated the same relationship to age (p < 0.02). 

A significant relationship to the magnitude of burn 
injury was observed (p < 0.001) (Table 2). The in- 
cidence of hypertension increased with the size of burn 
until the 40% total surface burn level was reached. 
At this point, all burns of 40% and larger had approxi- 
mately a 40% incidence of hypertension. The smaller 
incidences in the 71—80% and the 91% and over burns 
can be attributed to a number of patients with large 
burns who were extremely ill and died with hypotensive 
crises before ever completely stabilizing. 

The relationship of the incidence of hypertension 
to the year of treatment demonstrated a relatively con- 
stant rate for the first seven years with a drop during 
the last four years (Table 3). Analysis of the popula- 
tions at risk, however, indicated a marked increase 
in burns of less than 20% total surface during the last 
four years and a shift of patients into the higher and 
lower age ranges. The incidence of hypertension in a 
high-risk group of patients (males, >20% total surface 
burn, age seven to ten years) has remained relatively 
constant (Table 3). 


Relationship to Location of Burn, Complications, Mor- 
tality, and Drug Therapy 


A comparison of the anatomic areas burned in 41 
hypertensive patients and their matched controls (Table 
4) reveals a slight preponderance of face and head, 
and of bilateral arm burns in the hypertensive group. 
Involvement of one arm, trunk or legs was similar in 
both groups. 

The only difference in major complications in the 41 
hypertensive patients and their 41 matched controls 
was Six seizures in the hypertensive group versus none 
in the normotensive group. All six of the seizures met 
the criteria previously mentioned for seizures secondary 
to hypertensive encephalopathy. In addition to these 
Six patients, nine other patients not included in these 
matched series had seizure episodes which met the 
criteria to be of hypertensive etiology. Eight of these 
15 patients had clearly defined hypertension before the 
seizure activity occurred. In the other seven patients, 
blood pressures were not adequately measured prior 
to the onset of seizure for definition of hypertension. 
Clinical data used to eliminate the cases of metabolic 
seizure are summarized in Table 5. Each patient was 
also followed by a pediatric and/or neurologic consul- 
tant and no clinical finding other than hypertension 
was evident to explain the seizure and encephalopathy. 

Hypertensive and normotensive patients from the 
matched series had similar numbers of septic episodes, 
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TABLE 1. Incidence of Hypertension Related to Sex, Race, and Age 





Incidence 
Total Number Hypertension 
Admissions Hypertensive (%) 
Entire Series 987 195 19.8 
Sex 
male 622 144 23.3 
female 365 5] 14.0 
Race 
Caucasian 865 166 19.2 
non-Caucasian 122 29 23.8 
Age (years) 
0-2 229 20 8.7 
3-4 129 26 20.2 
5-6 134 25 18.7 
7-8 133 43 32.4 
9-10 116 35 30.2 
11=12 116 24 21.6 
13=14 110 18 16.4 
15-16 20 4 20.0 





Contingency table analysis: Relation of hypertension to sex— 
p < 0.001; relation of hypertension to race—p > 0.25 (NS); 
relation of hypertension to age—p < 0.001; relation of hyperten- 
sion to age with 0—2 yr. group excluded—p < 0.020. 


13 and 15, respectively. There was no preponderance of 
any specific organism responsible in either group. Two 
of 41 patients in both the hypertensive and normoten- 
sive groups developed pulmonary edema and one of 41 
patients in both groups developed electrolyte im- 
balances. The only renal dysfunction in either group 
was one episode of uremia in a hypertensive patient 
which became evident after the hypertension and was 
associated with a multiple organ failure syndrome 
secondary to terminal sepsis. Deaths were almost 
identically distributed between the two groups with 
six in the hypertensive group and five in the normo- 
tensive group. 

The frequency of individual drug use was similar 
in both the hypertensive and normotensive groups. 
Only diphenylhydantoin, phenobarbital, and antihy- 


TABLE 2. Incidence of Hypertension Related to Burn Size 


Incidence 
Burn Size Total Number Hypertension 
(% Total Surface) Admissions Hypertensive (%) 
0-5 99 0 — 
6-20 352 26 7.4 
21-30 150 36 24.0 
31—40 150 42 28.0 
41-50 84 36 42.9 
51—60 61 23 37.4 
61—70 42 18 42.9 
71-80 30 8 26.7 
81—90 15 5 33.3 
91—100 4 l 25.0 


Contingency table analysis: Relation of hypertension to burn size: 
p < 0.001. 
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TABLE 3. /ncidence of Hypertension Related to Year of Treatment 
and to Other Risk Factors 





Incidence of 
"High Risk" Patients 


Incidence of 
Total Admissions 





Year Hypertensive (%) Hypertensive (%) 
1968 28 80 
1969 23 64 
1970 21 75 
1971 16 33 
1972 39 88 
1973 22 56 
1974 30 55 
1975 11 14 
1976 14 71 
1977 5 20 
1978 7 60 





Contingency table analysis: Relation of incidence to year of treat- 
ment for total admissions: p < 0.001; relation of incidence to year 
of treatment for ‘high risk" group (males, 7—10 years, >20% total 
surface burn): p > 0.09, NS. 


pertensive agents were used to a larger extent in the 
hypertensive group for the treatment of the hyperten- 
sion and seizures which occurred in that group. 


Blood Pressure Data 


The mean of the highest daily blood pressures and 
the mean maximal blood pressures were both elevated 
when the values from the 21 hypertensive patients were 
compared with their 21 matched normotensive controls 
(p < 0.001) (Table 6). Both systolic and diastolic pres- 
sures were elevated. There were no differences in the 
mean convalescent blood pressures or the mean long- 
term blood pressures between the hypertensive and 
normotensive patients. 


Relation to Fluid and Transfusion Therapy 


Mean values for red blood cell, plasma, and total 
fluid intake, and total fluid output measurements were 
almost identical for 12 hypertensive patients and 12 
matched normotensive patients (Table 7). No signif- 
icant difference in fluid or transfusion therapy was evi- 
dent when either mean values for the entire hyperten- 
sive period or for the five-day period preceding diagno- 
sis of hypertension were compared. 


TABLE 4. Relation of Hypertension to Anatomic Areas Burned in 41 
Hypertensive Patients and 41 Matched Normotensive Patients 








Locations Hypertensive (%) Normotensive (%) 
Face and head 44 32 
One arm 17 17 
Both arms 70 54 
Trunk 100 95 
Legs 80 83 
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TABLE 5. Available Data from 15 Patients at the Time 
of Hypertensive Seizure 








Num- 

ber Mean Range 
Postburn day 15 34 6—59 
Blood pressure (mmHg) 15 179/118 — 144/110— 196/160 
Temperature (C) 15 38.2 37.8—38.9 
Hematocrit (9€) 15 37 34—46 
Serum Na (mEq/L) 15 140 136—146 
Serum K (mEq/L) 15 4.1 3.0-5.5 
Serum CI (mEq/L) 15 98 92—105 
Serum CO, (mEq/L) 15 24 18-30 
BUN (mg/100 ml) 15 13 8—29 
Blood glucose (mg/100 ml) 10 121 66—288 
Serum Ca (mg/100 ml) 11 9.5 8.7—10.8 
Serum Mg (mEq/L) 11 1.9 1.8-2.3 
Serum P (mg/100 ml) 11 4.5 2.1-6.5 
Osmolality (mOsm) 13 286 275—300 
Po, (mmHg) 6 92 73-101 
Peo. (mmHg) 6 33 32-36 
pH 6 7.41 7.39-7.45 
Blood cultures 11 11/11 Sterile 

Discussion 


The overall incidence of hypertension in burned chil- 
dren of 19.8% reported in this study is lower than the 
incidence of 24-89% reported by other authors.'?? The 
19.8% incidence would be higher if the criterion of an 
elevation above two standard deviations over the mean 
pressure for a given age as described by Moss and 
Adams, or by Londe, had been used to define hyper- 
tension.** These age-related hypertensive levels are 
consistently below 90 mmHg diastolic in the age ranges 
studied here, and use of these lower levels in defining 
hypertension, as was done in the previous burn hyper- 
tension studies, would elevate the incidence of hyper- 
tension found in this study. The incidence of 19.8% 
reported here is a conservative estimate, but does 
indicate that hypertension is one of the most common 
complications of thermal injury in children. 

This study further defines this hypertensive syndrome 
by suggesting that it is most prominent in the 7— 10-year 
age group, predominates in males, and is clearly related 
to the magnitude of thermal injury. A high-risk group 
of patients (males, aged seven to ten, greater than 20% 
burn) can be identified and should be monitored closely 
for development of this problem. The relative consis- 
tency of the incidence of hypertension (mean: 57%) 
in this high-risk group also makes an etiologic relation- 
ship of hypertension to many specific modes of therapy 
which have varied in use during this 11-year period 
unlikely. 

The risk factors of age and burn size strongly in- 
fluence the clinical course of the injury including de- 
velopment of complications, therapy and final out- 
come. It is, therefore, important to compare only 
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TABLE 6. Blood Pressure Data 


Mean of the Mean 
Highest Daily Maximal 
Blood Pressure Blood Pressure 
Patient Group (n) (mmHg) p (mmHg) 
Normotensive (21) 123/78 142/9] 
Hypertensive (21) 145/100 MT 168/125 


* p < 0.001 different from normotensive (p values determined by 
Student's t-test for paired data). 


groups of hypertensive patients with groups of normo- 
tensive patients who are similar with regard to the 
above factors to determine the influence of the develop- 
ment of hypertension on the subsequent clinical course. 
This is accomplished, in this study, by comparing 41 
hypertensive patients with 41 normotensive patients 
who have been closely matched with regard to age, 
sex, year of treatment, and burn size. 

The result of the comparison of anatomic areas burned 
Is of interest because of the possibility that the eleva- 
tion in blood pressure could be stimulated by the meas- 
urement of blood pressure in a painful, burned ex- 
tremity, or be artifact from measurements taken on 
edematous extremities. The increase in bilateral arm 
involvement in the hypertensive group would support 
these hypotheses. Blood pressures, however, were 
measured in unburned, nonedematous extremities 
whenever possible, and when burned extremities were 
used, blood pressure cuffs were kept in place and simply 
inflated for measurement. This later technique and the 
use of nonadherent dressings caused little pain in most 
patients. These factors, the common findings of ex- 
tremely high blood pressures in patients with small 
burns and normal extremities (e.g., 196/160 mmHg in 
a 5-year-old with a 21% burn), and the confirmation 
of most of the blood pressures in this series by one 
of the authors (D.F.) make artifact in blood pressure 
measurement from edema or pain an unlikely explana- 
tion for hypertension associated with thermal injury. 

Comparison of complication rates between the two 
groups indicates that seizure problems are the only 
identifiable complication of burn hypertension. The 


Mean Mean 
Mean Convalescent Long-term 
Duration Blood Pressure Blood Pressure 
(days) (mmHg) p (mmHg) p 
114/73 106/64 
36.1 118/76 NS 107/68 NS 


2] normotensive patients — mean burn index 39.5. 
2] hypertensive patients — mean burn index 40.7. 


finding of 15 patients with seizures, which can be re- 
lated to the hypertension by the previously outlined 
criteria, suggests that a total of 15 of the 195 hyper- 
tensive patients had episodes of hypertensive encepha- 
lopathy. Most of these seizures occurred during the 
early years of this experience (1968— 1969) before the 
hypertension problem was recognized and treated ag- 
gressively (Table 8). Encephalopathy consisting of 
lethargy, irritability, headache, or somnolence occurred 
with all of the seizures and appears related to this syn- 
drome, as suggested by Lowrey.’ The monitoring of 
blood pressures during this acute phase and the use 
of hydralazine and other antihypertensive medications 
to control hypertension appear to have eliminated hy- 
pertensive seizures over the past five years (Table 8). 

The relatively equal frequency of major drug use in 
both groups tends to eliminate an idiosyncratic reac- 
tion to a drug as a possible cause. The drugs monitored 
in the matched series included the majority of drugs 
commonly used in the burn unit, and it is unlikely 
that an unrecognized agent is causing the problem. 
No hexachlorophene soaps, which have been implicated 
in causing encephalopathy, have been used on the unit 
at any time during this study.? 

Blood pressure data contained in Table 6 gives mean 
values over a prolonged period of time and illustrate 
both how high pressures go and the relatively long 
time period, mean 36.1 days, over which the problem 
was observed. The sampling techniques used clearly 
define the hypertensive population as having blood 
pressure elevations in the range of 145/100 mmHg at 
least once daily and in the range of 168/125 mmHg 


TABLE 7. Fluid and Transfusion Therapy (ml/m?/24 hrs + SEM) 





Hypertensive (12) 


Normotensive (12) 





RBC Plasma Intake Output RBC Plasma Intake Output 
Entire 
prehypertensive 
period 69 + 9 HI 12 2750 + 113 1366 + 100 55 = 12 139 + 12 2865 + 194 1327 £ 127 
5 Days pre- 
hypertensive 
period 79 + 19 121 + 29 3041 + 213 1606 + 148 56 + 21 113 € 30 2744 + 206 1403 + 180 





12 hypertensive patients — mean burn index 46. 


12 normotensive patients — mean burn index 43. 


478 POPP, FRIEDBERG AND MACMILLAN 


TABLE 8. Seizures and Treatments by Years 


—————————————————————————————————— 


Per Cent 
Hypertensives Hypertensive Other 
Year Treated Seizures Seizures 


1968 24 6 2 
1969 72 4 l 
1970 71 l l 
1971 76 2 3 
1972 77 0 2 
1973 100 2 l 
1974 100 0 2 
1975 100 0 0 
1976 100 0 l 
1977 100 0 l 
1978 100 0 0 

15 14 


during the hospitalization, which are both markedly 
abnormal. Further, the convalescent and long-term 
pressures are normal, which indicates that the problem 
is limited to the acute phase of burn treatment. 

The fluid and transfusion data from Table 7 demon- 
Strate no significant difference in fluid or transfusion 
therapy in 12 hypertensive patients and 12 closely 
matched normotensive controls. This type of analysis, 
based on nursing records, would only detect a rela- 
tively large and systematic difference in fluid therapy 
and would not detect several liters of fluid being re- 
tained by a child over several days of therapy. No 
comment from these data can, therefore, be made as 
to whether or not this is a volume-related form of 
hypertension. 

This retrospective review of this hypertensive prob- 
lem defines its origin only to the extent of eliminating 
burn treatment modes or specific burn complications 
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such as gross renal disease as possible causes. It does, 
however, define a high-risk group of patients and con- 
firms the presence of a syndrome of burn-related hyper- 
tension which includes a serious hypertensive encepha- 
lopathy problem. Although no other increase in 
morbidity is associated with this syndrome, the en- 
cephalopathy problem indicates the need for careful 
monitoring of blood pressure in burned children and 
effective antihypertensive therapy to prevent seizures 
once hypertension is detected. 
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Reticuloendothelial Clearance of Blood-borne 


Particulates 


Relevance to Experimental Lung Microembolization and 


Vascular Injury 


GARY D. NIEHAUS, PH.D.,* PAUL R. SCHUMACKER, PH.D.,t THOMAS M. SABA, PH.D. 


The rapid increase in sheep lung vascular permeability ob- 
served during Pseudomonas aeruginosa bacteremia may be due 
to embolization of the pulmonary microvasculature by blood- 
borne particulates. Since alterations in lung microvascular 
permeability during mild septicemia in sheep may reflect in- 
efficient RES phagocytic clearance of bacteria as well as prod- 
ucts of bacterial induced intravascular coagulation, the opsonic 
and phagocytic aspects of RES function in sheep (30—50 kg) 
were compared to other species. RES function was evaluated 
by both the clearance and relative organ uptake of gelatinized 
I?! RE test lipid emulsion and gelatinized colloidal carbon. 
Immunoreactive opsonic o;SB glycoprotein levels were deter- 
mined by electroimmunoassay. The phagocytic index for RES 
clearance of the gelatinized (500 mg/kg) test lipid in sheep 
was 0.019 + 0.002 corresponding to a half-time of 16.65 + 1.74 
minutes. With colloidal carbon (64 mg/kg), the phagocytic in- 
dex in sheep was 0.080 — 0.026, corresponding to a half-time 
of 6.16 + 1.99 minutes. The per cent of injected lipid emulsion 
(%1D) in major RE organs, on a total organ basis (TO), was: 
liver = 15.69 + 1.65%; spleen = 2.09 + 0.78%. Localization 
in the lung = 31.39 + 6.2%. The per cent of carbon localized 
in major RE organs (%ID/TO) was: liver = 21.37 + 1.9%; 
spleen = 1.95 + 0.55%. Localization in the lung = 32.70 
+ 4.55%. In contrast, clearance and organ distribution of the 
blood-borne test microparticles in rats and dogs at the same 
relative challenging dose revealed a much more intense and 
rapid liver and spleen RES uptake with minimal lung localiza- 
tion (1-296). Immunoreactive opsonic protein concentrations 
varied greatly with species and directly correlated with ef- 
ficiency of RES function. Levels observed were: dog = 1285 
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+ 135 pg/ml; mouse = 1077 + 67 pg/ml; rat = 400 + 31 
pg/ml; human = 297 + 10 pg/ml; and sheep = 184 + 13 
pg/ml. After intravenous particulate challenge, circulating 
immunoreactive opsonic protein in the sheep was depleted 
(p < 0.05) rapidly with partial recovery at 24 hours and mild 
rebound hyperopsonemia at 48 hours. This pattern is in con- 
trast to the rapid restoration seen in dog and rat within three 
to six hours postchallenge. Thus, in sheep, the extensive pul- 
monary localization of blood-borne microparticles appears 
related to inefficient RES clearance function mediated by a 
relative deficiency of circulating opsonic protein (plasma 
fibronectin). 


UMEROUS CLINICAL STUDIES have demonstrated 
N a progressive deterioration in pulmonary vascular 
integrity leading to pulmonary insufficiency, especially 
when sepsis is superimposed on burn and trauma.**? 
Recent data suggest that the pulmonary alterations may 
be due to lung vascular microembolization and injury 
indirectly related to failure of reticuloendothelial system 
(RES) clearance of blood-borne microaggregates dur- 
ing sepsis after trauma.?"?? RE phagocytic cells avidly 
remove blood-borne foreign or denatured particulates 
from the circulation with the liver Kupffer cells repre- 
senting the largest clearance compartment. Depression 
of RES function has been correlated with decreased 
resistance to experimental shock and sepsis'* and an 
increase in pulmonary localization of blood-borne par- 
ticulates.?^^?? Such particulate localization in the lung 
may lead to pulmonary capillary occlusion or generate 
focal sites of altered hemodynamics or permeability 
which could contribute to edema with altered organ 
function. 
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Kupffer cell phagocytosis of nonbacterial particulate 
such as collagenous debris and fibrinogen/fibrin com- 
plexes is mediated by opsonic a, surface binding (SB) 
glycoprotein." * Opsonic glycoprotein is identical to 
plasma fibronectin or cold-insoluble globulin (Clg).° 
Plasma fibronectin exhibits a high affinity for collagen 
and gelatin,®:'* as well as fibrinogen—fibrin complexes 
which are cleared by the RES.** Humoral control of 
Kupffer cell phagocytic function as modulated by 
plasma opsonin is further supported by the observation 
that opsonic deficiency and RES phagocytic depression 
following surgical trauma can be reversed by infusion 
of purified opsonic a,SB glycoprotein.?? Indeed, re- 
versal of opsonic deficiency in septic surgical, trauma 
and burn patients with pulmonary insufficiency leads 
to a marked improvement of host defense and pulmo- 
nary function.??? 

Endotoxemia and sepsis can elevate the concentra- 
tion of circulating particulates by inducing disseminated 
intravascular coagulation.??* RE clearance and hepatic 
uptake are depressed following disseminated intravas- 
cular coagulation (DIC)'? and the hemodynamic pres- 
sures in the lungs are elevated.?" Dogs with thrombin- 
induced DIC manifest gas exchange abnormalities and 
exhibit pulmonary edema??? if DIC develops during 
opsonic deficiency and RES phagocytic blockade,?? but 
not if DIC is induced in the presence of normal RE 
function. 

Pulmonary fluid flux is governed by the interaction 
of hydrostatic and oncotic pressures between lung 
capillaries and the surrounding interstitial space. A net 
flow into the extravascular space occurs when either 
capillary hydrostatic pressure or interstitial space 
oncotic pressure increases. Edema would be expected 
when the net transvascular fluid movement into the 
interstitial space exceeds the pulmonary lymphatic 
drainage capacity.” Development of the sheep lung 
lymph preparation? has provided an experimental 
animal model in which the hydrostatic and oncotic as- 
pects of edema could be evaluated. This valuable ani- 
mal model has been utilized to investigate pulmonary 
vascular integrity following hemorrhage,” burn," 
sepsis? and endotoxin infusion.”® 

An observation of direct relevance to the present 
study is that sheep receiving intravenous infusion of 
10?—10'* Pseudomonas aeruginosa exhibit an acute 
elevation in pulmonary vascular permeability even in 
the absence of sustained increases in pulmonary arterial 
and wedge pressures." The basis for such extensive 
alteration in pulmonary function in sheep with minimal 
bacterial challenge is unknown, but inefficient reticulo- 
endothelial function might be a factor, since the RES 
provides the major acute defense against systemic bac- 
teremia.*° In addition, bacteremia stimulates intravas- 
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cular coagulation??? and the byproducts of disseminated 
intravascular coagulation, which can alter lung func- 
tion, are cleared from circulation by the reticuloendo- 
thelial system.?* Inhibition in hepatosplenic phagocytic 
function results in depressed clearance of fibrinogen: 
fibrin complexes.?* Also, decreased Kupffer cell uptake 
of bacteria results in elevation of pulmonary localiza- 
tion of the micro-organisms." 

These observations collectively suggest that the 
functional status of the reticuloendothelial system may 
modulate the degree of pulmonary localization and 
associated injury due to blood-borne particulates, 
especially during sepsis. We postulate that the sheep 
RES may be incapable of efficiently clearing bacteria 
and or particulates during sepsis. This could contribute 
to pulmonary microvascular embolization and altered 
pulmonary vascular integrity. To evaluate this concept, 
the present investigation defined the humoral and cellu- 
lar parameters of systemic reticuloendothelial function 
in the sheep in comparison to the reticuloendothelial 
system in laboratory animals (i.e., rat, dog) which are 
known to manifest apparent resistance to organ dys- 
function during experimental bacteremia. A compara- 
tive study of immunoreactive opsonic a,SB glycopro- 
tein (plasma fibronectin) levels in mouse, rat, dog, sheep 
and man was performed in order to place perspective 
on this humoral parameter. 


Methods 
Serum and Plasma Collection 


Adult sheep (20—55 kg) used in this study were pro- 
vided food and water ad libitum. In sheep, blood sam- 
ples were collected via catheters positioned in either 
a carotid artery or a jugular vein. For comparative 
species studies, male Sprague-Dawley rats (250—300 g), 
male C57BL/6 mice (18—24 g), and male mongrel dogs 
(11—16 kg) were evaluated in the nonfasted state. Hu- 
man blood was obtained by vena puncture from seven 
healthy volunteers (18—38 yr) with appropriate in- 
formed consent. Blood from all species was allowed 
to clot for 30-60 minutes at room temperature. Blood 
was centrifuged at 6,000 g for 10 minutes and serum 
was collected for analysis by electroimmunoassay. 


Immunoreactive Opsonic Protein 


Serum immunoreactive opsonic a,SB glycoprotein 
was determined by electroimmunoassay as described 
by Blumenstock et al.^* Monospecific antiserum to the 
isolated sheep, human, rat, mouse and dog opsonin 
was developed in rabbits as previously described.” 7 
The antigen was isolated by affinity chromatography 
using a gelatin-sepharose affinity column*:??! supple- 
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mented with mercaptoethanol. Antiserum to the respec- 
tive opsonic protein was added to a 1% agarose in 
barbital buffer solution and the warmed mixture was 
spread on a 5 x 10 inch glass plate to a thickness of 
1.8 mm. Serum, diluted to 10% with distilled water, 
was placed in wells (10 wl) punched in the agar and 
subjected to electrophoresis with a LKB multiphore 
system at 82 volts for 21—22 hours at 15-17 C. The 
resulting immunoelectrophoretic rockets were stained 
as previously described? and immunoreactive opsonin 
concentrations determined from a standard curve by 
double reciprocal plot of opsonic protein concentration 
(ug) vs rocket height (mm) using standardized serum. 
Immunoreactive opsonic a,SB glycoprotein (plasma 
fibronectin) levels are expressed as ug/ml serum. For 
all species, plasma concentrations are slightly higher 
than in serum, but this difference is minimized if blood 
is allowed to clot at room temperature as opposed to 
in the cold. 


Reticuloendothelial Phagocytic Index 


Reticuloendothelial function was evaluated by the 
colloid clearance technique??? using two separate test 
colloids. Gelatinized I?! RE-test lipid emulsion was 
prepared at an anhydrous base concentration of 20% 
in a 0.3% gelatin-supplemented sterile 5% dextrose and 
water solution. The gelatinized RE-test lipid emulsion 
(500 mg/kg) was injected intravenously and arterial 
blood samples were collected at two minute intervals 
(2—14 minutes) with the animal sacrificed at 15 minutes 
postinjection for determinations of particle distribu- 
tion. The concentration of test colloid in each blood 
aliquot was determined using a 300 sample Auto-Gam- 
ma-Scintillation System with a 2" Nal Crystal (Searle, 
Des Plaines, IL). The second particulate used to evaluate 
reticuloendothelial function was colloidal carbon (C11/ 
1431a Pelikan, Gunther-Wagner, Hanover, Germany ).? 
The gelatinized colloidal carbon was injected intra- 
venously (64 mg/kg) and 5.0 ml aliquots of arterial blood 
were collected at two minute intervals up to 14 minutes 
after injection and analyzed for carbon concentration. 
The 0.5 ml aliquot of blood was hemolyzed by addition 
of 4.0 ml of 0.1 M sodium carbonate and carbon con- 
centration was determined by optical density at 650 
using a Perkin Elmer 55 spectrophotometer as previ- 
ously described.? The spectrophotometer was zeroed 
against a blank containing 0.5 ml of blood collected 
before carbon injection. The half-time for particle 
clearance from blood was determined from semiloga- 
rithmic plots of colloid concentration against time. The 
phagocytic index (K) was calculated as K — 0.301/half- 
time in minutes, where 0.301 is the log base 10 of 2. 
The liver, lung and spleen distribution of both the car- 
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bon and the lipid colloid was evaluated at 15 minutes 
postinjection. The organs were excised, rinsed with 
cold saline, blotted dry and weighed.” To determine 
colloid content, four representative samples of each 
organ were either analyzed isotopically to determine 
lipid localization or spectrophotometrically, to quanti- 
tate carbon localization. Sample preparation for spec- 
trophotometric analysis involved boiling each gram of 
tissue for 90 minutes in 10 ml of 30% Potassium Hy- 
droxide. Variable pigmentation was reduced with five 
drops of H,O, and then each gram of hydrolyzed tissue 
was diluted to 100 ml with distilled water. Carbon con- 
tent was determined by comparing sample absorbance 
at 570 nm (Perkin Elmer 55 Spectrophotometer) against 
a standard curve. Localization of either test colloid 
was expressed as the percentage of the administered 
test dose per total organ (%ID/TO) and per gram of 
tissue (%ID/g). 


Experimental Depletion of Circulating Opsonic Pretein 


A heparinized, polyethylene catheter (PE 160) was 
percutaneously positioned in a jugular vein and sutured 
in place. Opsonic protein depletion was induced by 
injecting the gelatin-coated nonradiolabelled RE-test 
lipid emulsion (500 mg/kg) through the catheter. This 
approach was utilized due to its effectiveness in in- 
ducing opsonic deficiency in the rat? and dog.? Gelatin 
is denatured collagen and the opsonic protein (plasma 
fibronectin) has a high affinity for denatured collagen. 
Serum samples were collected through the catheter at 
0.5, 1, 2,3, 4, 5, 24 and 48 hours after colloid injection 
for determination of alterations in circulating immuno- 
reactive opsonic protein in order to test if acute deple- 
tion would develop comparable to other species.” 


Experimental Induction of Disseminated Intravascular 
Coagulation 


Five adult sheep (25-55 kg) were anesthetized with 
sodium pentobarbital (15 mg/kg; Abbott Laboratories, 
Chicago, IL), paralyzed with pancuronium bromide (35 
ug/kg; Organon Inc., West Orange, NJ), intubated and 
mechanically ventilated (Harvard Apparatus, Millis, 
MA) at a tidal volume of 12 ml/kg. Throughout the 
remainder of the study the anesthetics were given as 
required to maintain a light plain of anesthesia. The 
animal was placed in an anterior recumbancy and a 
sampling catheter surgically inserted into the right ca- 
rotid artery. Control serum and heparinized plasma 
samples were collected before 5 x 10? P. aeruginosa 
was injected intravenously with a parallel intraperitoneal 
injection of 5 x 10'° bacteria. Serum and heparinized 
plasma samples were collected at hourly intervals for 
the next four hours and analyzed for clottable immuno- 
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SERUM IMMUNOREACTIVE OPSONIC PROTEIN (ug/ml) 


DOG MOUSE RAT HUMAN SHEEP 


Fic. 1. Comparative immunoreactive opsonic protein levels (ug/ml) 
in the sheep, human, rat, mouse and dog. The measured serum 
opsonin concentrations were determined by electroimmunoassay 
against monospecific antiserum developed against antigen isolated 
from each species. 


reactive fibrinogen and nonclottable immunoreactive 
fibrin degradation products. A decrease in plasma 
fibrinogen and an increase in serum fibrin degradation 
products is indicative of intravascular coagulation. !® 


Immunodiffusion Assay of Fibrinogen and Fibrin Deg- 
radation Products 


Agarose (Sigma) was dissolved in phosphate buf- 
fered saline (PBS), pH 7.2, to a concentration of 2% 
by careful heating to 100 C while stirring. The 2% aga- 
rose was then transferred to a 63 C waterbath, and 
warmed monospecific antiserum diluted in PBS was 
mixed with the agarose to yield a final antiserum dilu- 
tion of 1:64 in 1% agarose (dependent on the titer of 
the antiserum). The volume of agarose- antiserum solu- 
tion is then poured onto a clear, warm, level glass 
plate. Sixteen milliliters of agarose-antiserum solu- 
tion, poured onto a 8.3 x 10.2 cm glass plate, yields 
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a gel thickness of about 2.0 mm. After the agarose 
had hardened, 20 wells (3 mm in diameter) were cut 
in the agarose plate 2 cm apart. Ten microliters of 
the sample or of purified fibrinogen (standard) were 
added to each well. The samples were allowed to dif- 
fuse for 24 hours at room temperature in a humidified 
chamber. The plates were washed overnight at 37 C in 
0.15 M saline with 2.5-3 L of saline per plate. Prior 
to staining, the agarose plate was pressed and dried 
by covering the agarose plate with a wetted filter paper 
and several centimeters of a tissue-cloth absorbant 
material. Plates were pressed under a pressure of at 
least 5 g/cm? for 15 minutes. The paper absorbant and 
filter paper were peeled off the compressed agarose 
slide and the slides were dried using a warm air hair- 
dryer. Slides were stained for three minutes in 0.5% 
Coomassie blue R-250 consisting of 5 g Coomassie 
Brilliant Blue R-250 in a solution of 450 ml of 95% 
ethanol and 100 ml of glacial acetic acid. Slides were 
destained by washing 3—4 times in a solution of 95% 
ethanol:acetic acid: water (5:2:9) for four minutes per 
wash, and allowed to dry. The ring diameter was meas- 
ured with a Finescale comparator and quantitated as 
milligrams per milliliter by comparison to a standard 
curve. The standard curve was constructed by analysis 
of purified fibrinogen of known protein content and 
was unique for each plate. A plot of log concentration 
versus ring diameter was linear. '® 


Statistical Analysis of Data 


Data were analyzed using the unpaired Student's 
t-test, with the confidence level placed at 95%. All 
data were expressed as the mean + SE of the mean. 


Results 


Immunoreactive serum opsonic protein levels in the 
sheep (184.6 + 13.0 ug/ml serum) were compared (Fig. 
I) to opsonin concentration in dog (1285 + 135.0 ug/ml), 
mouse (1076.9 + 66.99 ug/ml), rat (400 + 31.0 ug/ml) 
and human (297 + 10.1 ug/ml), in order to determine 
if this humoral parameter correlated with the functional 
RES clearance capacity (Fig. 2). Species with high con- 
centrations of immunoreactive opsonic protein, such as 
the dog, demonstrate rapid clearance and intense liver 
Kupffer cell uptake as compared to the slow RE phago- 
cytic function and low opsonin concentrations in the 
sheep. Indeed, the level in the sheep is even less than 
that observed in humans who also have a high suscepti- 
bility to organ dysfunction, i.e., pulmonary insufficiency 
during sepsis especially after trauma. 

RES phagocytic function in sheep, rat, mouse and 
dog is compared in Figure 2. Respective gelatinized 
lipid emulsion (500 mg/kg) clearance half-times of 3.7, 
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Fic. 2. Comparison of sys- 
temic RES phagocytic clear- 
ance capacity in the sheep, 
rat, mouse and dog. Vascu- 
lar clearance capacity was 
determined isotopically after 
intravenous injection of ge- 
latinized I'*!-labelled RE- 
test lipid emulsion (50 mg/ 
100 g). Values represent the 
mean determination. 
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5.7 and 8.4 minutes were observed in the dog, mouse 
and rat. The sheep clearance half-time for the gelat- 
inized RE test lipid emulsion was 16.65 + 1.74 min- 
utes, with a corresponding phagocytic index (K) of 
0.019 + 0.002 (n = 5 sheep). 

The relative localization of intravenously injected, 
gelatinized RE test lipid emulsion (500 mg/kg) in liver, 
spleen and lungs of the dog, rat and sheep is presented 
in Figure 3. Hepatic uptake of the blood-borne test 
microparticles is intense in the dog and rat with the 
lung in these two species demonstrating localization 
of the particulate equivalent to only 1-2% of the test 
dose. In marked contrast, the sheep exhibits much less 
hepatic RES clearance of the test colloid with a cor- 
responding pronounced elevation (p < 0.01) in pulmo- 
nary localization amounting to 31.37% of the injected 
dose. 

The comparative pattern of localization of gelatinized 
colloidal carbon and gelatinized I'?' labelled RE test 
lipid by the liver, lung and spleen is graphically pre- 
sented in Figures 4 and 5. This pattern was evaluated 
to determine the specificity of the response in terms of 
the types of colloid. Lung localization of either carbon 
or lipid exceeds liver and spleen uptake on both a per 
100 g and per total organ basis in the sheep. The lung 
exhibits a similar and extensive localization of both 
lipid and carbon even though the size (1.0 u vs 250A), 


total dose (500 mg/kg vs 64 mg/kg) and characteristics 
(metabolizable vs inert) of these particles differ mark- 
edly.^? Both particles are, however, dependent on 
opsonic protein (plasma fibronectin) for efficient RES 
phagocytosis.*?^?* 

Since RE organ size is a factor in clearance capacity, 
the relative liver and spleen size in the varied species 
investigated was compared (Table 1). Liver and spleen 
size, expressed as per cent of total body weight in the 
dog, rat and mouse is more than 100% greater than 
in the sheep. 

To further evaluate the humoral aspects of RES func- 
tion, serum was collected from the jugular vein before 
and at specific intervals after intravenous infusion of 
gelatinized RE test lipid emulsion (Fig. 6). This was 
done to evaluate the effect of intravenous infusion of 
colloid on opsonic protein levels in the sheep. At each 
sampling time, there is a close intra-animal correlation 
in opsonin concentrations. Immunoreactive opsonin 
was rapidly depleted by 30 minutes postparticle infusion 
(p — 0.05), exhibited slow restoration during the next 
4.5 hours and demonstrated recovery to prechallenge 
levels by 24 hours. 

We have postulated that the reported increase in 
pulmonary microvascular permeability in the sheep fol- 
lowing Pseudomonas bacteremia* may reflect inefficient 
RES phagocytic clearance of products of sepsis induced 
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Fic. 3. Liver, spleen and lung distribution of intravenously injected 
gelatinized RE-test lipid in the sheep, rat and dog. Values represent 
mean + SE of the mean are expressed as per cent of injected dose 
localized per total organ (%ID/TO). Tissue distributions were de- 
termined at 15 min postinjection. 





intravascular coagulation. That postulate is based on 
the concept that bacteremia can cause disseminated 
intravascular coagulation. To test that concept a study 
was conducted to determine the effect of sepsis on 
the sheep intravascular coagulation mechanisms. The 
data in Table 2 support that concept by demonstrating 
a significant (p — 0.05 at four hours postbacterial chal- 
lenge), progressive, sepsis induced decrease in plasma 
immunoreactive fibrinogen and an increase in serum 
immunoreactive fibrin degradation products. 


Discussion 


The reticuloendothelial system (RES) actively re- 
moves foreign and effete particulate matter from the 
vascular compartment.” Investigation of this RES sys- 
temic host-defense function has demonstrated a correla- 
tion between RE clearance capacity and altered resist- 
ance to various forms of experimental shock which 
include hemorrhage, endotoxemia, trauma and bowel 
Ischemia.'!*2*57 Due to its significant vascular per- 
fusion and extensive reticuloendothelial cell population 
(Kupffer cells), the liver provides a major fraction of 
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the systemic phagocytic clearance Capacity in mice, 
rats, dogs and man.?79?* Kupffer cell phagocytic re- 
moval of nonbacterial blood-borne particulates such 
as collagenous debris and products of hemostasis cor- 
relates with immunoreactive?^?? and bioassayable?? 
opsonic a,SB glycoprotein. This large molecular weight 
glycoprotein has a high affinity for and readily opsonizes 
foreign particulates^?" and its deficiency is the basis 
for RES blockade induced by colloid injection and 
undoubtedly is related to the altered resistance to shock 
manifested during RE blockade. 

When compared to other species, the sheep exhibits 
a deficient liver and spleen phagocytic activity and an 
elevated lung localization of blood-borne RE test par- 
ticles. This restricted RES clearance capacity in sheep 
is correlated with low immunoreactive opsonin levels 
(Fig. 1) and a relatively small liver and spleen (Table 1). 
On a per cent of total body weight basis, the liver 
and spleen of the dog, rat and mouse are more than 
twice as large as measured in the sheep (Table 1). Thus, 
large fractions of injected RE test particles may localize 
in the lung both because the insufficient opsonic a; SB 
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FIG. 4. Comparative liver, spleen and lung distribution of intrave- 
nously injected gelatinized colloidal carbon and gelatinized RE-test 
lipid emulsion, expressed as per cent injected dose per 100 g tissue 
(%1D/100 g). Each point represents the mean + SE of the mean with 
five sheep per group. 
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glycoprotein concentrations appear to limit RES clear- 
ance capacity and because of the relatively small size 
and minimal phagocytic capacity of the liver and spleen. 

The temporal patterns of opsonin levels after colloid 
injection indicate a 24 hour repletion period is required 
to return depleted opsonin concentrations to control 
levels. By comparison, the rat requires only six hours 
for total restoration of immunoreactive opsonin levels 
after a similar RE blockade induced by the gelatinized 
RE test lipid emulsion.” The sheep reticuloendothelial 
system, therefore, has a small liver and spleen; is as- 
sociated with very low opsonic protein concentrations; 
and displays a pattern of delayed opsonic restoration 
after acute depletion by blood-borne particulates. It is 
possible that these features may make the sheep very 
susceptible to increased pulmonary microembolism 
during episodes of disseminated intravascular coagula- 
tion or after soft tissue trauma, especially during 
septicemia. The basis for this response may be the 
coexistence of severe RES depression during sepsis 
after trauma as well as elevated blood-borne particu- 
lates.?9.9? 

Support for this hypothesis is the observation of 
opsonic deficiency (plasma fibronectin deficiency) in 
surgical, trauma and burn patients, especially during 
septicemia and its correlation with both peripheral vas- 
cular failure and pulmonary insufficiency.?"?? In con- 
trast, reversal of opsonic deficiency in such patients 
by intravenous infusion of cryoprecipitate which is rich 
in opsonic protein, results in improvement of gas ex- 
change and augmented limb perfusion as well as reac- 
tive hyperemia.???? This improved response may be 
due to augmented RES clearance of particulate material 
that might otherwise have embolized in the lung, thus 
leading to a better matching of ventilation and perfusion. 

Brigham reports? that sheep receiving a 30 minute 
infusion of 10»—10'? P. aeruginosa exhibit immediate 
but transient chills, fever, leukopenia and hypoxemia. 
This response is associated with increased pulmonary 
artery pressure and lymph flow and decreased lymph 
protein concentration. At three to five hours postin- 
fusion, the vascular pressures and lymph protein con- 
centrations return to normal, while lymph flow increased 
to a new steady-state three to ten times higher than 
baseline. All variables return to baseline values in 24—72 
hours.? The high sensitivity of the sheep to bacteria- 
induced alterations in pulmonary vascular permeability 
may be related to an inefficient RES clearance capacity 
in this animal. Such an inefficient RES clearance capac- 
ity may result in altered pulmonary vascular perme- 
ability via mechanisms as schematically described in 
Figure 7. In this concept, the inefficient RES function 
in the sheep may permit bacteria to remain in circula- 
tion for prolonged periods, thus allowing greater stim- 
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Fic. 5. Comparative liver, spleen and lung distribution of intrave- 
nously injected gelatinized colloidal carbon and gelatinized RE-test 
lipid emulsion, expressed as per cent injected dose per total organ 
(%ID/TO). Each point represents the mean + SE of the mean with 
five sheep in each group. 


ulation of disseminated intravascular coagulation, either 
directly or via endotoxin release. 

This hypothesis is supported by our quantitation of 
serologic parameters which are reflective of intravas- 
cular coagulation'® in sheep after experimental sepsis 
(Table 2). The depletion of plasma clottable fibrinogen 
coupled with the elevation of plasma degradation prod- 
ucts after P. aeruginosa challenge demonstrates di- 
rectly in the sheep that bacteremia can lead to intra- 


TABLE 1. Interspecies Comparison of Liver and Spleen Weight 








Liver and 

Liver Spleen Spleen 

Species (%BW) (%BW) (%BW) 
Mouse 5.92 0.32 6.24 
Dog (9) 3.36 0.25 3.61 
Rat 3.35 0.29 3.64 
Human (20) 2.31 0.21 .52 
Sheep 1.42 0.19 1.61 





Organ weights are expressed as per cent of total body weight 
(%BW). Listed values represent means. Standard error of the means 
for mouse, rat and sheep were less than 10% of the mean but data 
for dog and human were not available. 
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FiG. 6. Temporal pattern of serum opsonic œ SB glycoprotein con- 
centration during colloid induced RE blockade in sheep. RES block- 
ade was induced by intravenous injection of gelatinized RE-test lipid 
emulsion (500 mg/kg). Each point represents the mean + SE of the 
mean with three sheep studied. 


vascular coagulation and that this may be a factor in 
the cause of increased lung vascular permeability in 
the septic sheep as reported by Brigham.* Augmented 
intravascular coagulation coupled with exposure of 
basement membrane collagen to vascular fluid via 
endothelial injury, especially in the trauma patient with 
coexistent sepsis, may rapidly deplete opsonic protein 
and thus further limit reticuloendothelial removal of 
products of bacterial sepsis. Prolonged circulation of 
such particulates might exacerbate aggregation and 
formation of microaggregates which could embolize 


TABLE 2. Plasma Fibrinogen Concentrations and Serum Fibrin 
Degradation Products in Sheep Following 
Pseudomonas Challenge* 





Serum Immunoreactivet 
Fibrin Degradation 


Plasma 
Immunoreactive* 





Clottable Fibrinogen Products 

Time Per Cent Per Cent 
(hr) mg/ml Control mg/ml Control 

0 4.39 + 0.9 100 0.105 + 0.04 100 

1 4.09 + 0.8 93 0.105 + 0.04 100 

2 362 £ 0.8 82 0.115 + 0.05 110 

3 II &O9 77 0.134 + 0.05 128 

4 233 = 0.8 58 0.140 + 0.05 133 





* Sheep under pentobarbital anesthesia were challenged with 
Pseudomonas aeruginosa and received an intravenous dose of 
5 x 10° bacteria in parallel with an intraperitoneal dose of 5 x 10!^ 
bacteria. 

* Fibrinogen and fibrin degradation products were measured by 
immunoassay prior to (0 Hr) and at hourly intervals after induction 
of sepsis. The decrease in fibrinogen and increase in fibrin degrada- 
tion products reflect activation of intravascular coagulation. By four 
hours after bacterial challenge both fibrinogen and fibrin degradation 
products differ significantly (p — 0.05) from control. Each value 
represents the mean and standard error of the mean for five sheep. 
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Fic. 7. Mechanisms by which trauma and/or sepsis could result in 
depletion of opsonic a,SB glycoprotein, inhibition of reticuloendo- 
thelial host-defense function and, eventually, pulmonary insufficiency. 


the pulmonary vasculature and alter vascular perme- 
ability.!?75/? Such a response would be exaggerated 
when trauma preceeds sepsis since opsonic deficiency 
as documented after injury in burn and trauma patients 
is quite severe and is associated with pulmonary 
distress .?9:?? 

Failure of the hepatic reticuloendothelial system in 
man to effectively function as a ‘‘prepulmonary filter 
for noxious, blood-borne particulates may augment the 
development of pulmonary insufficiency during intra- 
vascular coagulation and/or sepsis following nontho- 
racic trauma.?5??5? [n addition, the opsonic a,SB glyco- 
protein (plasma fibronectin; cold-insoluble globulin) 
may be a regulator of the RES clearance capacity. 
Clinical evidence to document the interaction of plasma 
fibronectin and the coagulation system was recently 
reported by Mosher and Williams.?' They demonstrated 
severe plasma fibronectin deficiency in patients with 
disseminated intravascular coagulation and correlated 
the level of fibronectin deficiency to the degree of organ 
failure. The relationship between DIC and organ 
failure was not addressed in the study, but has been 
investigated by others.!?:/?-75:? Embolization of fibrin, 
fibrin degradation products and platelets in the lung 
has been associated with the onset of significant pul- 
monary injury and gas exchange insufficiency .!??0 
Lung fibrin deposition secondary to thrombin infusion 
results in increased shunting and an increase in pul- 
monary extravascular lung water.!?!*?? Recently, 
Costabella et al. have demonstrated an increase in pul- 
monary vascular permeability and consequent pulmo- 
nary edema after thrombin infusion with fibrinolytic 
blockage of the dog.'® Since clearance techniques for 
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directly measuring RE function are invasive and block- 
ade RE phagocytic activity,’?’ it does not currently 
seem prudent to directly measure RE phagocytic colloid 
clearance function in patients who may already have 
marginal host defense capacity in order to further verify 
the correlation of immunoreactive opsonin to clearance 
activity. In this context, the present data indicate that 
the sheep provides an excellent model for investigation 
of the role of the RES in the etiology of pulmonary 
injury and organ failure during sepsis as it may relate 
to the clinical setting. Indeed, the similarity of the hu- 
man and sheep reticuloendothelial system, from the 
standpoint of circulating levels of immunoreactive 
opsonic o;SB glycoprotein, coupled with the capability 
to investigate pulmonary vascular permeability using 
the sheep lung lymph preparation, lends further support 
to the concept that this animal may provide an excellent 
model for investigation of clinically relevant problems 
with respect to pulmonary insufficiency during endo- 
toxemia and bacteremia. 
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Analysis of Staging and Management of Patients 


with Sarcoma 


A Ten-year Experience 


HENRY F. SEARS, M.D., RONALD HOPSON, PH.D., WILLIAM INOUYE, M.D., THOMAS RIZZO, M.D., 


PAUL J. GROTZINGER, M.D. 


Over ten years, 70 patients with soft tissue sarcoma were treated 
for their primary tumors at the hospital of The Fox Chase 
Cancer Center. The clinical characteristics of these tumors 
are correlated with the outcome of various management ef- 
forts. The results of these evaluations identify three groups 
that can provide the basis for future treatment decisions and 
stratification for randomized studies of management options. 
The first group of patients, those with small well differentiated 
tumors, have no systemic spread regardless of the treatment 
modality used. The second group, those with large (^5 cm) 
tumors that are moderately or poorly differentiated, do uni- 
formly poorly despite the management techniques used. An 
intermediate group, those with high grade or large size but 
not both, have outcomes which may be corrected to treatment 
modalities. 


PPROPRIATE MANAGEMENT OF SOFT tissue sarcoma 
A Is a confusing and controversial issue and multi- 
disciplinary therapy is becoming increasingly com- 
mon.?:7!7/5/5217?6 Many cancer centers have espoused 
different treatment philosophies, and have demonstrated 
rationale for their conclusions by published results that 
show diminished local recurrence rates for particular 
procedures.?:175.1171729?! Reports of systemic therapy 
given at the time of initial treatment have been con- 
flicting and are in need of interpretation in the light 
of the known biology of these tumors.*:?:* We report 
our experience with 70 patients who had at least part 
of their initial treatment at the American Oncologic 
Hospital (AOH); the biologic characteristics of both 
the population and the tumors are assessed. The mathe- 
matical models and techniques to define the clinical 
characteristics of the study patients are explained. 
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Diagnostic and treatment techniques were not uni- 
formly applied to this population, yet philosophies of 
approach and therapy were held constant. A function 
sparing tumor resection was done whenever possible. 
Irradiation was used as a planned adjuvant in a limited 
number of cases. A variety of diagnostic procedures 
have been added over the ten years of this study and 
therefore have not been uniformly applied. 

This is a retrospective review of a patient population 
and not a prospective inquiry about treatment alterna- 
tives. Nonetheless, a description of a defined popula- 
tion of patients treated at one institution can provide 
the basis for identifying important biologic and clinical 
information if these data are optimally managed. 


Materials and Methods 


The medical records of all patients with soft tissue 
sarcomas seen at the AOH since its opening in 1968 
at Fox Chase until July, 1978 were reviewed in this 
study. Of the 127 cases, the 70 patients who had all 
or part of their initial treatment given at the AOH form 
the basis of this report. If radiation therapy or chemo- 
therapy was part of a patient's initial treatment and 
was given prior to a clinical recurrence, these data 
were included. 

Complete clinical data at the time of the initial treat- 
ment were not available, thus we could not correlate 
outcomes to preoperative apparent size, fixation of the 
lesion, rate of growth of the presenting mass, pain or 
other symptoms. Tumors were routinely measured by 
the pathologist and his measurements of the surgical 
specimen were used for this study whenever it was 
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available. Histologic categorization and grade of each 
tumor were reviewed by one of the authors (T.R.). 
Carconisarcomas, mesotheliomas, Kaposi's Sarcoma 
and angiosarcomas were deleted from this study. 

A variety of diagnostic procedures and treatment 
techniques were applied to these patients. Some pa- 
tients were referred by their primary physicians for a 
specific modality, and occasionally a patient or his 
family refused the initially offered therapeutic options. 
Nonetheless, a common management philosophy was 
applied to most patients. Whenever possible, a function 
sparing resection was employed. Local excisions were 
defined in this study as a removal of the tumor and 
a small amount of surrounding normal tissue. Wide 
excision implied the removal of 4—5 cm of normal tissue 
around the tumor. This was supported by frozen sec- 
tion analysis of the specimen. No formal muscle group 
excisions were performed. Amputations were required 
when the anatomic location of the primary tumor in- 
volved bone, nerve, or blood vessel, or restricted other 
surgical options. 

Patients were followed by their surgeons or referring 
physicians. Family physicians provided information 
about recent clinical status if this was not available 
on the medical records. No patients were lost to fol- 
low-up though some had moved to remote areas. Site 
and time of initial recurrence from treatment were re- 
corded and defined as indicators of treatment failure. 

The date of death and the relation of death to either 
the primary tumor or to its treatment were recorded. 
In the case in which the relationship between tumor 
and death was in doubt, a tumor related death was 
computed. Five patients dying of nontumor related 
causes were considered lost to follow-up. Curative 
treatment of localized or isolated recurrence was oc- 
casionally possible, but the results of these procedures 
could not be accurately assessed as they were not always 
done at the AOH. 

The data were analyzed using the cox proportional 
hazards model for failure time data, a generalization of 
exponential and Weibull regression models. In this model 
the covariates are assumed to act multiplicatively on 
the underlying hazard function. A computer program 
supplied by Dr. Norman Breslow at the University 
of Washington was used to generate the maximum like- 
lihood estimates of the regression parameters. 

We used the model to test whether factors presented 
in the literature (size, grade, etc.) affected failure in 
our series. Covariates, presumed to affect survival or 
time to recurrence were recoded to —1 for those not 
at risk and 0 for those at risk. For each covariate the 
program computes a regression parameter, B. Then 
an estimate of the relative hazard (RH) associated 
with a covariate is very conveniently expressed as 
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exp (B), under the assumption that all covariates act 
multiplicatively. 


Results 


Of the 70 patients in the study, 37 have been treated 
within the past five years. 

The age range of the 31 males and 39 females was 
2-86 years at the time of diagnosis with a mean age 
of 55.9 years. Age was not related to a particular his- 
tologic diagnosis, grade, time to recurrence, or survival. 
The age of these patients reflects the population seen 
at the AOH. As pediatric malignancies are not em- 
phasized at the AOH, there are fewer patients in this 
age group than in other similar studies. The sex, race, 
and geographic and occupational distribution of these 
patients reflects the referral patterns to this hospital, 
i.e., a dominance of white, middle class families living 
in an urban industrial area. 

Because of changes in terminology of histologic clas- 
sification over 10 years, six tumors have been reclas- 
sified, but this was done without without knowledge 
of the follow-up information. In two cases, the tumor 
grade became more aggressive on subsequent recur- 
rences, but the basic histologic diagnosis did not change 
during the course of observation. Table 1 presents the 
distribution of histologic diagnoses. The location of 
the tumors (Table 2) in this series were unremarkable. 
Neither the histologic diagnosis nor the site of occur- 
rence was correlated with either local or systemic 
spread. It should be noted that 20 patients in this series 
had either dermatofibrosarcoma protuberance or well 
differentiated (myxoid) liposarcomas; none of the pa- 
tients with dermatofibrosarcoma protuberance recurred 
locally or systemically. Operative resection was the 
only treatment given for 46 patients, radiation alone 
for four, chemotherapy alone for one, and 19 people 
received combination therapy. 

There has been either a local or systemic recurrence 
in 28 patients. Any recurrence whether local or distant 
was considered a treatment failure. Influences on sur- 
vival were computed by the Cox proportional hazards 
model; five patients dying of nontumor related deaths 
were considered lost to follow-up at death. 

Three clinical variables, grade of the tumor, size 
of the tumor, and fever were found by the Cox model 
to be correlated with survival. Since the grade and 
size of the tumor so highly correlated with outcomes, 
stratification of the patient population into three stages 
based on grade and size could not isolate any other 
independent factors in either the analysis of survival 
or time to recurrence. 

Thirty-three (47%) patients had low grade tumors 
(grade I), 13 (19%) had moderate to poorly differentiated 
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TABLE 1. Distribution of Histologic Diagnosis 


———— m OUOU 


Relative 


ICDO Absolute Fre- 
Histology Fre- quency 
Category Label Code quency (%) 
Sarcoma not otherwise specified 8800. 2 1.8 
Fibrosarcoma 8810. 8 11.4 
Fibrous histiocytoma 8830. 6 8.6 
Dermatofibrosarcoma 
protuberances 8832. 9 12.9 
Myxosarcoma 8840. 6 8.6 
Liposarcoma not otherwise 
specified 8850. 5 7.1 
Well differentiated liposarcoma 8851. 3 4.3 
Myxoid liposarcoma 8852. 8 11.4 
Pleomorphic liposarcoma 8854. 2 2.9 
Leiomyosarcoma 8890. 14 20.0 
Pleomorphic rhabdomyosarcoma 8901. 1 1.4 
Embryonal rhabdomyosarcoma 8910. 1 1.4 
Endometrial stromal sarcoma 8930. 1 1.4 
Mesenchymoma 8990. l 1.4 
Synovial cell sarcoma 9040. l 1.4 
Schwannoma 9560. 2 2.9 
Total 70 100.0 





tumors (grade II) and 23 (33%) had anaplastic lesions 
(grade III). One tumor (1%) could not be graded and 
was classed as high grade. The size of tumors ranged 
from 0.7 to 67 cm (mean: 9.4 and SD: 10.3). 

Two of the 33 patients with low grade tumors re- 
curred locally, three had regional recurrences, and one 
recurred systemically; two low grade tumors contrib- 
uted to the patients' death. There were 13 patients 
with intermediate grade tumors of which two recurred 
locally, four regionally, and one systemically. Six pa- 
tients with intermediate grade tumors died because of 
sarcoma. Twenty-three patients with high grade tumors 
had seven local and eight regional or distant first re- 
currences. Fifteen patients with high grade tumors have 
had tumor related deaths. 

The thirty-three patients with small (5 cm or less) 
tumors had four local and one distant recurrences and 
three tumor related deaths. In the 37 patients with tu- 


TABLE 2. Location of Primary Sarcoma 


——————À€ 


Relative 
Absolute Frequency 
Category Label Frequency (Per Cent) 


——————————— 


Head- Neck 12 17.1 
Trunk other than viscera 16 22.9 
Viscera (includes 4 in uterus) 10 14.2 
Upper extremity: 
proximal 3 4.3 
distal 3 4.3 
Lower extremity: 
proximal 18 29.7 
distal 8 11.4 
Total 70 100.0 
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mors greater than 5 cm, there were seven local, nine 
regional, and seven distant recurrences and 20 of these 
patients died because of tumor related causes. Patients 
with high grade tumors had approximately a four-fold 
increase in hazard relative to patients with low grade 
tumors. Patients with large tumors had a seven-fold 
estimated relative increase in hazard. 

Table 3 shows the joint distribution of grade and 
size of tumor. The corrected chi square statistic and 
inspection of the data show the grade and size were 
not independent factors. Low grade tumors tended to 
be smaller than high grade ones. Therefore, the joint 
hazard of large and high grade relative to small size 
and low grade is less than the product of the individual 
hazards, i.e., less than 4 x 7. The concomitant effect 
of grade and size on recurrence and survival is shown 
in Table 4. The rationale for this prognostic division 
of sarcoma patients based on grade and size is also 
graphically presented in Figure 1. There is one group 
who always do well, another who always do poorly, 
and an intermediate group. 

Seven patients (10%) presented with fever unrelated 
to infection; all had high grade tumors and six of seven 
had tumors larger than 5 cm. Although all these pa- 
tients have recurred and fever is prognostic of poor sur- 
vival, it is a proxy for large high grade tumors. How- 
ever, there was no association between fever and the 
type of recurrence (local, regional, or metastatic) in 
patients who recurred. 

Although a function sparing philosophy dominated 
the approach, initial treatment of these tumors varied 
considerably. Local excision alone was the only treat- 
ment for 20 patients and local excision combined with 
radiation therapy was used for 10 patients. Wide ex- - 
cision alone was used on 18 and was combined with 
radiation therapy six times. Radiation therapy was the 
only therapy in four cases. Chemotherapy was used 
alone once and in combination with surgery or radia- 
tion therapy four times. Five amputations were done 
because of anatomical considerations. In retrospect, 
two patients had incomplete excisions. No curative 
therapy was given to only one patient. She had a 12 
cm, low grade leiomyosarcoma; after palliative radia- 
tion she was alive 62 months postdiagnosis. 

Local excisions, either alone or with radiation 
therapy, were done on 30 patients. Table 5 shows 21 
patients have had no recurrence, six have recurred 
locally, two regionally, and one had distant recur- 
rence. Seventeen patients were alive at last contact, 
ten died of their diseases, and three deaths were due 
to other causes. Table 6 shows 15 of these tumors 
were low grade, six were intermediate grade, and nine 
were high grade. The tumors were evenly divided by 
size with 15 small and 15 large lesions. The age dis- 
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tribution of this group of patients is of note: all three 
youths in the study received local excisions, as did 
six of nine patients over 75 years of age. 

Ten of 24 patients receiving a wide excision have 
recurred, while two of five patients who had amputa- 
tions for grade 2 or 3 tumors have recurred systemi- 
cally and both of these have died. There are four patients 
whose luminal visceral sarcomas were treated by bowel 
resection only, and three of these had abdominal re- 
currences leading to their eventual deaths. 

Radiation therapy, either alone or with surgery or 
chemotherapy, was given as treatment to 22 patients. 
Fourteen have not recurred while two each have re- 
curred locally and regionally, and four have systemi- 
cally recurred. Twelve are alive, eight died of their 
disease or treatment toxicity, and two have died of 
other causes. Table 7 shows the joint distribution of 
size and grade of tumor receiving radiation. Of 19 pa- 
tients also receiving surgery with radiation, a majority, 
10 had only local excisions. 

Chemotherapy was added to initial therapy in five 
patients and four of these are free of distant recur- 
rence. Of these, three were large low grade tumors, 
and the other two were high grade lesions. 


Discussion 


The management of sarcoma patients continues to 
be a challenging clinical problem. Extremity sarcomas 
have been shown to require aggressive treatments, 
such as major amputations or a combination of resec- 
tion with high dose radiotherapy.?:*75:1?7!? En bloc re- 


4 sections including the origin and insertion of the in- 


volved muscle groups and sparing function of the ex- 
tremity, have found their place in the treatment of 
sarcomas.'?45016172021 Yet the problem of distant 
metastasis continues to limit the success of a regional 
treatment regimen for a very high proportion of 
patients. 

Staging systems have been recently devised for this 
diverse group of histologic tumors which will aid the 
treatment selection and evaluation of prognosis.!? 
These systems rely more on the size and the grade of 
tumor rather than the histologic category or the de- 
termination of the cell of origin. This may contribute 
to a more unified approach to therapy for this diverse 
group of tumors. 

The records of patients with sarcomas treated at the 
AOH were retrospectively reviewed to determine the 
value of sarcoma staging systems and the individual 
items that enter into them. These factors were corre- 
lated with specific treatments directed toward the 
primary tumor to identify areas of appropriate or in- 
appropriate treatment philosophy. 
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TABLE 3. Comparison of Grade and Size of Tumor 


Size 
Row 
<50 mm >50 mm Total 
Grade 
Low 21 12 33 
High I2 2 2. 
Total 33 37 70 


Corrected chi square: 5.62107 with 1° of freedom. Significance 
= 0.0177 i.e., grade and size are not independent covariates. 


The patient population with sarcoma seen at the 
AOH was comparable to most reported groups. Age of 
initial diagnosis ranged from the third to the sixth 
decade* 16-17-72-23 in many reported series with peaks in 
the fifth decade.*:??! Our age range coincided with that 
reported by Gerber? whose peak was also in the sixth 
decade. 

The anatomic location of the tumor was similar in 
the AOH series to that reported in other series.!?:!4 
The number of proxial and distal extremity lesions 
was as expected, and as was shown by Suit et a]. 18-24-25 
and others, proximal lesions were more likely to be 
large, have a higher grade, and a worse prognosis. 

The grade of the sarcoma has long been recog- 
nized as an important indicator of metastatic potential 
and survival.!^!??* A 1965 study of Werf-Messing?? 
correlated mitotic indices in the primary with later 
metastasis. If there were no mitoses per 10 HPF, 
metastasis occurred in only 2546 of the patients. 
This percentage increased in the stepwise fashion to 
100% of the patients with greater than 11 mitosis per 
10 HPF. The addition of size to the grade in a staging 
system was shown to be effective by Russell et al !? 
In his system, grade is the major discriminating factor, 
with size identifying a significant subgroup of patients 
with high grade lesions. 

In our series, size had a higher relative hazard 
(RH = 7) than grade (RH = 4). However, since grade 
and size interact, we adopted a three group sarcoma 
staging system. Low stage tumors were well differen- 
tiated and smaller than 5 cm. An intermediate stage 
included tumors with either high grade or large size, 
but not both. High stage tumors had both high grade 


TABLE 4. Differential Survival and Type of Recurrence for Small, 
Low Grade Lesions and Large, High Grade Lesions 





Small, Low Grade Large, High Grade 





(n = 21) (n = 25) 
Local recurrence l 5 
Regional or distant 
recurrence 0 12 
Died of sarcoma 0 18 





100 
Low Grade & 
Small Size 
80 N*21 
High Grade or 
2 60 Large Size 
= but not Both N= 24 
- 
3 
- 40 
a£ 
20 


High Grade & 
Large Size N=25 


20 40 60 80 100 120 140 
Months Since Diagnosis 


Fic. 1. Low grade is grade I, High grade II or III. A small tumor 
is 5 cm or less, a large tumor is greater than 5 cm. Data from 
patients who died of nontumor related causes are censored. 


and large size. These divisions showed marked 
difference in outcome regardless of type of treatment 
given. 

The Cox model of proportional hazards is intended 
for use in analyses of censored data. Censored data 
means that in the sample not all of patients have 
failed, i.e., either recurred or died of sarcoma, its 
spread, or the effects of its treatment. At the close of 
the study (12/1/78), 40 of 70 (57%) were still living; 
their survival data is therefore censored. Five addi- 
tional patients had censoring of their survival data be- 
cause they died of other causes. At the close of 
this study, 41 of 70 (59%) had not recurred, thus 
their disease free interval is censored. Using cen- 
sored data to estimate the failure rate is a familiar 
problem. 

We have confirmed that the grade and size of soft 
tissue sarcomas are the principle components in stag- 
ing. We have also shown that these covariates are 
not independent. Since the Cox model assumes inde- 
pendence among covariates, its use for this and similar 
analyses of clinical data sets must be tempered by 


TABLE 5. Comparison of Type of Operation and Recurrence 


Type of Recurrence 


Re- Meta- 

Treatment None Local gional static Total 
None 0 0 3 2 5 
Local excision 21 6 2 l 30 
Wide excision 4 5 l 4 24 
Amputation 3 l 0 l 3 
Bowel resection 1 0 3 0 4 
Incomplete excision 2 0 0 0 2 
Total 4] 12 9 8 70 
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TABLE 6. Type of Operation Compared to Grade of Tumor 
( Cell Per Cent is Per Cent of Row) 


Grade Inter- 

Operation Unknown Low mediate High Total 

None 0 2 0 3 5 
(0.0) (40.0) (0.0) (60.0) (7.1) 

Local excision 0 15 6 9 30 
(0.0) (50.0) (20.0) (30.0) (42.9) 

Wide excision | 13 4 6 24 
(4.2) (54.2) (16.7) (25.0) (34.3) 

Amputation 0 0 l 4 5 
(0.0) (0.0) (20.0) (80.0) (7.1) 

Bowel resection 0 l 2 l 4 
(0.0) (25.0) (50.0) (25.0) (5.7) 

Incomplete 0 2 0 0 2 
excision (0.0) (100.0) (0.0) (0.0) (2.9) 

Total l 33 13 23 70 
(1.4) (47.1) (18.6) (32.9) (100.0) 


such realization. However, the Cox model remains the 
best currently available for estimating a failure rate 
from censored data. 

It was interesting that seven patients were identified 
in this series as having fever unrelated to infection 
when their primary tumor was being treated. There 
has been a clinical recurrence in each of these pa- 
tients. Though this was a striking, unexpected, and 
previously unreported finding, the poor response to 
treatment could have been predicted in this small group 
of patients by use of the grade and size of the 
tumor alone. Nonetheless, it is our feeling that a fever 
related to tumor rather than infection in patients with 
soft tissue sarcoma should suggest the strong pos- 
sibility of systemic spread and should influence the 
treatment plans. 

Unlike many previous investigators, we have not 
found that all or a majority of soft tissue sarcomas 
treated with local excisions recur. A considerable 
number of low grade, small sarcomas do not require 
extensive excisions. On the basis of our review, stag- 
ing information can identify patients for whom limited 
excisions are appropriate. Stratified groups based on 
these staging factors can be used in other investi- 
gations attempting to show synergistic association of 
excision and high dose radiation or other adjuvant 


TABLE 7. Comparison of Grade and Size for Patients 
Receiving Radiation 


Size 
Grade «5 cm 


Low 4 5 
High 3 10 
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programs. A group of patients can be identified 


prospectively that has a very low rate of treatment 
failure. Selective use of function sparing approaches 


to the treatment of soft tissue sarcomas would also 
appear justified in the light of this review. 


to 
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Mechanisms of Impaired Cardiac Function by Vasopressin 


MICHAEL F. WILSON, M.D., DANIEL J. BRACKETT, LINDA T. ARCHER, M.S., LERNER B. HINSHAW, PH.D. 


The mechanisms by which elevated levels of vasopressin (ADH) 
in man and animals cause serious myocardial dysfunction, 
evidenced by arrhythmias, reduction in cardiac output and 
coronary blood flow, are not settled. Experiments were 
conducted in 16 isolated working left ventricles to examine their 
metabolic and hemodynamic responses to the infusion of vaso- 
pressin and the combination of vasopressin and epinephrine. 
Contractile performance was evaluated by analysis of positive 
dP/dt, contractile element velocities, and ventricular work- 
curves using stroke work/end-diastolic pressure. Relaxation 
parameters, including negative dP/dt and the early diastolic 
relaxation time constant, were also studied. Coronary blood 
flow was reduced 22% or less by vasopressin while cardiac 
output was maintained at a constant level. Myocardial 
oxygen consumption, lactate and potassium balances were 
determined from arterial and coronary sinus concentrations. 
Vasopressin produced myocardial dysfunction indicated by 
decrements in contractile and relaxation indices, without 
evidence of global ischemia. Epinephrine restored the 
mechanical performance to normal without significant change 
in coronary blood flow, myocardial oxygen consumption, or 
lactate and potassium balance. 


HERE IS EVIDENCE to indicate that pathophysiologic 
levels of arginine vasopressin which cause 
serious myocardial dysfunction occur in patients from 
both endogenous production and administration of the 
antidiuretic hormone (ADH). However, the mecha- 
nisms by which vasopressin impairs cardiac func- 
tion have not been precisely determined. Elevated 
plasma levels of ADH (vasopressin) are produced 
during injury or pain," tobacco smoking and in- 
creased plasma nicotine,? hypovolemic shock," sur- 
gical stress such as subtotal gastrectomy,'® and 
cardiopulmonary bypass.'? In patients with the syn- 
drome of inappropriate ADH secretion increased 
plasma vasopressin levels from 24 to 102 pg/ml have 
been observed.? 
Sudden death attributed to myocardial infarction has 
been reported following the administration of bolus 
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injections of vasopressin.!*?? Acute administration of 
this hormone in animals produces adverse cardiac 
reactions including arrhythmias,*’'* reduction in car- 
diac output and coronary flow,?'*?^? and depressed 
myocardial function.*'’ The ventricular fibrillation 
threshold in response to vasopressin administration is 
decreased more than three-fold in older rabbits.” 

It has been shown that after long-term administra- 
tion of vasopressin, there is increased phosphorylase 
activity and diminished cardiac glycogen content with 
no change in ATP or ATP-ase activity." Increased 
levels of plasma free fatty acids, which occur after 
vasopressin administration,?? could result in an in- 
creased oxygen requirement. An increased myo- 
cardial oxygen requirement together with a reduced 
coronary blood flow might result in a critical reduc- 
tion in the oxygen supply:demand ratio. 

It is well known that cardiac performance is de- 
pressed by elevated plasma levels of vasopressin. 
This depression has been attributed to ischemia 
secondary to coronary constriction and reduced oxy- 
gen supply.???? The original purpose of this study was 
to exploit the expected imbalance in the oxygen sup- 
ply:demand ratio to study cardiac contractile and re- 
laxation processes during vasopressin-induced is- 
chemia in the isolated heart. Our results indicate 
that vasopressin produces myocardial dysfunction 
in the isolated working heart by mechanisms which 
cannot be explained entirely by reduced coronary 
blood flow leading to global ischemia. 


Methods and Measurements 


Experiments were conducted in 16 isolated working 
left ventricle preparations using previously docu- 
mented techniques." In each study a large support 
dog (20-25 kg) provided heparinized arterial blood 
continuously for an isolated working left ventricle 
from a small donor dog (5-8 kg). The support and 
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donor dogs were anesthetized with sodium pento- 
barbital (30 mg/kg). The heart and lungs from the 


* donor dog were transferred to an external perfusion 


system, which included the support dog, without inter- 
ruption of coronary flow. The lungs from the donor dog 
were mechanically ventilated using a Harvard res- 
pirator, while the support dog was allowed to breath 
spontaneously. To maintain a stable level of anes- 
thesia in the support dog an infusion of sodium 
pentobarbital at 2 mg/kg/hour was started after the 
external perfusion had begun. 

The test system included both lungs, the left atrium, 
left ventricle and aortic arch of the small dogs (Fig. 
1). The right atrium and right ventricle were by- 
passed after cannulation of the pulmonary artery and 
connection of a roller pump from the support dog to 
control inflow to the test system. Coronary flow was 


X measured volumetrically from a large cannula which 


collected the coronary venous drainage from the right 
ventricle. Aortic outflow was also measured volumetri- 
cally, collected in a reservoir together with coronary 
flow and returned to the support dog via a second 
roller pump. Cardiac output, the sum of aortic outflow 
and coronary flow, could be adjusted by altering the 
pump speed supplying the pulmonary artery. 

Mean aortic pressure was controlled by adjust- 
ment of a screw clamp placed on the aortic out- 
flow tubing distal to the site of aortic pressure 
monitoring. Intraventricular pressures including left 
ventricular end-diastolic pressure (LV EDP) and maxi- 
mum rate of change of pressure (dP/dt), positive 
and negative, were monitored on a Hewlett-Packard 


> recorder via pressure transducers connected to a semi- 


rigid large-bore plastic cannula penetrating the apex of 
the left ventricle and secured with a purse-string 
suture. Using a "Y"-connector and two pressure 
transducers, left ventricular end-diastolic (0-40 mmHg) 
and systolic pressure (0-200 mmHg) were measured 
simultaneously. Heart rate was determined from the 
number of left ventricular pressure pulses per minute. 
Left ventricular stroke work (gram meters) was 
calculated as follows: 


SW = (MAP — LVEDP) (SV) (1.36)/100 


where MAP = mean aortic pressure (mmHg), LVEDP 
— left ventricular end-diastolic pressure (mmHg) and 
SV — stroke volume (ml), determined by dividing 
cardiac output by heart rate. 

Contractile element velocities (Vce) were calculated 
from measurements of dP/dt and their corresponding 
instantaneous left ventricular pressures (IP) dur- 


» ing isovolumic contraction by: Vce = (dP/dt)/(32 


X |[P).*!?:*5 The early diastolic relaxation time con- 
stant (RTc) was obtained by measurement of left ven- 
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Fic. |. 
catheter for pressure measurements, SC = subclavian, BC = bra- 


Schematic of isolated heart preparation. AC = aortic 


chiocephalic, PA = pulmonary artery, A = aorta, RA = right 
atrium, SVC = superior vena cava, TP = temperature probe, AZ 
= azygous, CVC = coronary venous catheter, IVC = inferior vena 
cava, RV = right ventricle, LV = left ventricle, LA = left atrium, 
LVC = left ventricular catheter for pressure measurements, 
WB = water bath. 


tricular pressure at maximum negative dP/dt, calcula- 
tion of one-half of that pressure, and then measure- 
ment of the time between these two pressure 
points.” Aortic outflow and coronary venous blood 
samples were obtained for oxygen and carbon dioxide 
content (ml/100 ml) measured by the Van Slyke method, 
lactate and pyruvate measurements (mg/100 ml) made 
with the use of a Gilford method 240 spectro- 
photometer, and potassium and sodium concentra- 
tion (meq/1) measured with an Instrument Laboratory 
model 143 flame photometer. 

The following parameters were derived from the 
above physical and chemical measurements: 


(a) myocardial oxygen consumption/100 g left ventricu- 
lar tissue (ml/min/100 g): 


MVO;/100 g = CBF(A — V)O,;/LVW 
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Fic, 2. Left ventricular work-curves from the isolated heart prepara- 
tion developed using aortic pressures of 50, 100, and 150 mmHg. 
Each point represents the mean of seven hearts. 


where CBF = coronary blood flow (ml/min), (A — V)O, 
— arterial minus venous oxygen content (ml/100 ml), 
and LVW - left ventricular weight (grams). 

(b) myocardial efficiency (per cent): 


_ Q(MAP — LVEDP) x 1.36 


M.E. (%) 
MVO, x 2.057 x 10? 


minute work 


oxygen consumption 


where MAP = mean aortic pressure (mmHg), LVEDP 
— left ventricular end-diastolic pressure (mmHg), 
Q — cardiac output (ml/min), MVO, = myocardial 
oxygen consumption (ml/min/100 g). 

(c) lactate extraction ratio: 


LER = (A — VVA 


where A = arterial lactate (mg/dl) and V = venous 
lactate (mg/dl). 


During the experiments blood glucose, temperature, 
pH and hematocrit measurements were made to assure 
a Stable preparation. Rectal temperatures, heart rate 
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and aortic pressure of the support dog were also 
monitored. 


Experiment Protocol 


During an equilibration period of 30 minutes the 
isolated working left ventricle preparation was stabi- 
lized at a mean aortic pressure of 100 mmHg and 
a cardiac output of 76 ml/min/kg (based on the weight 
of the dog supplying the isolated heart). At the end of 
this control period the isolated heart was evaluated 
by a left ventricular performance test (LVPT) in which 
coronary flow, heart rate, dP/dt (positive and negative) 
and LVEDP were monitored at 50, 100 and 150 mmHg 
mean aortic pressure (MAP). 

To determine the responsiveness of each isolated 
heart, a small dose of epinephrine was infused via a 
small-bore catheter into the left atrium (usually 0.055 
Aglkg/minute). The responsiveness was demonstrated 
by increased coronary flow, heart rate, dP/dt (positive 
and negative), and a decreased LVEDP. Blood 
samples were taken to evaluate metabolic parameters 
during epinephrine infusion with MAP of 100 and 150 
mmHg. Epinephrine infusion was discontinued and 
after return to control performance measurements, the 
isolated heart was evaluated by the LVPT and blood 
samples drawn as before to measure metabolic 
parameters. 

Vasopressin was infused into the left atrium at a dose 
(usually 5.5 mU/kg/min) which causes a decrease in 
coronary flow and dP/dt, and an increase in LVEDP. 
In the intact animal similar infusion rates are suf- 
ficient to depress cardiac performance.' Heart rate 
was also monitored but small and statistically in- 
significant changes occurred. The vasopressin-induced 
cardiac dysfunction was evaluated by the LVPT 
and measurement of metabolic parameters. 

Without interruption of vasopressin infusion, epi- 
nephrine was infused into the left atrium through a 
separate cannula at the rate previously established 
to cause the typical effect on coronary flow and 
left ventricular performance. The simultaneous effects 
of both agents were evaluated in each heart at 100 
and 150 mmHg mean aortic pressure in terms of left 
ventricular performance and metabolic parameters. 
In some of these animals the epinephrine infusion 
was discontinued with no interruption of vasopres- 
sin infusion. These hearts showed the same amount of 
cardiac depression seen during vasopressin infusion 
before the administration of epinephrine. It was not 
necessary to control heart rate in this isolated heart 
preparation since only small and statistically in- 
significant changes occurred with the infusion of 
vasopressin or the combination of vasopressin and 
epinephrine. 


^^ 
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X to be a result of the increased heart rate since 

25 MAP a MAP minute work was unchanged. 
20 20 150 The profound depressant effect of vasopressin on 

100 

y T cardiac performance Was demonstrated by a shift to 
x the right in the left ventricular function curves indi- 
10 10 cating a dysfunction in cardiac pumping ability at all 
s| 5 sk three afterloads (Fig. 2). The depression of myo- 
cardial performance was most severe when the 
O O - heart was challenged by the high afterload (150 mmHg 
Epi Ctr VP VP+ Epi Ctr VP VP+ mean aortic pressure) and was evident by a striking 
Epi Epi increase of end-diastolic pressure (Fig. 3) and a de- 


Fic. 3. The effects of epinephrine (Epi), vasopressin (VP), and 
epinephrine plus vasopressin (VP + Epi) on control (Ctr) left 
ventricular end-diastolic pressure in seven isolated working hearts 
at MAP of 100 and 150 mmHg. Each bar in the graph is the 
mean + SE. The asterisks indicate significant differences from the 
control value (p < 0.01). 


Results from this study were analyzed using 
Student’s t-test for paired data. The significance level 
was set at p < 0.01. 


Results 


Left ventricular work-curves, constructed by plot- 
ting stroke work versus end-diastolic pressure, were 
used to evaluate performance of the isolated left 
ventricle under each experimental condition, /.e., 
epinephrine infusion, control, vasopressin infusion, 
and the combination of vasopressin and epinephrine 
infusion (Fig. 2). Aortic pressures of 50, 100, and 150 
mmHg were used to develop the curves. The threshold 
dose of epinephrine infusion shifted the function curve 
to the left by a diminution of left ventricular end- 
diastolic pressure (LVEDP), compared to control, at 
each afterload. The decrease in stroke work appeared 


crease of stroke work (significant at p < .025) with no 
change in heart rate (Table 1). The combination of 
vasopressin plus epinephrine infusion returned the 
function curve to control, again with no change in 
heart rate. Data in Table 1 also show that left 
ventricular minute work at the high afterload and 
positive dP/dt were significantly lowered by vaso- 
pressin infusion and all returned to control values 
after the addition of epinephrine. However, epi- 
nephrine infused alone caused a significant increase 
in positive dP/dt with no change in minute work. 

Coronary blood flow (Fig. 4) decreased with vaso- 
pressin infusion as expected. The mean reduction 
below control was 2296 when the afterload was set at 
100 mmHg MAP and 18% at 150 mmHg MAP. Adding 
epinephrine did not return coronary blood flow to 
control. This finding was surprising because the 
left ventricular dysfunction caused by vasopressin 
was so dramatically reversed by adding the small 
amount of epinephrine. 

For analysis of myocardial oxygen metabolism and 
cell function, arterial and venous blood samples 
were drawn during each of the four experimental 
conditions at afterloads of 100 and 150 mmHg mean 








TABLE 1. 
Vasopressin and 
MAP Epinephrine Control Vasopressin Epinephrine 
Stroke work (gram: meters) 100 3.33 € .33 4.01 + .45 3.96 + .42 3.88 + .44 
150 4.94 + .57 5.78 + .65 5,18 = AT 3.72 € 162 
Minute work (kilogram: meters) 100 61 = 07 59 + .06 57 + .06 59 + .06 
150 91 + .10 .89 + .09 Ts 2 OF .89 + .09 
(+) dP/dt (mmHg/second) 100 3250 + 238* 2289 + 126 1975.2 121" 2429 + 230 
150 4618 + 302* 3188 + 175 2139 = 177* 3661 + 230 
(—) dP/dt (mmHg/second) 100 3654 + 142* 3096 + 79 2175 + 104* 3291 + 133 
150 5518 =. J" 3696 + 200 2500 + 153” 3954 + 149 
Heart rate (beats/minute) 100 183 + 5* 150 + 7 144 + 6 156 + 5 
150 187 + 6* 1535 = 6 147 +7 B €3 
Relaxation time (milliseconds) 100 19.4 + 1.4 25.2 2 1) 30.7 + 1.8* 20.0 + 0.8 
150 18.6 + 0.8 aL is DEELT 23.9 + 0.7 





Values are means + SEM for seven isolated heart studies. * Significantly different from control with p < 0.01. 


p values were obtained using a paired t-test. 
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FiG. 4. The effects of epinephrine (Epi), vasopressin (VP), and 
epinephrine plus vasopressin (VP + Epi) on control (Ctr) coronary 
blood flow in seven isolated working hearts at MAP of 100 and 


150 mmHg. Each bar in the graph is the mean + SE. The asterisks 
indicate significant differences from the control value (p < 0.01). 


aortic pressure (Table 2). Myocardial oxygen consump- 
tion changed as a function of afterload, however, 
no statistically significant change occurred during the 
infusion of epinephrine, vasopressin, or their combina- 
tion with the doses used in this study. Myocardial 
efficiency remained unchanged under all experimental 
conditions at both afterloads. The significant reduc- 
tion of venous oxygen content during the infusion of 
vasopressin alone and in combination with epinephrine 
over 60—90 minutes suggests the presence of myo- 
cardial ischemia in both experimental conditions. 
However, the small variations in potassium venous- 
arterial differences and the lactate extraction ratios 
from the myocardium during each experimental condi- 
tion (Table 2) do not support the concept of myo- 
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cardial ischemia. The lactate extraction ratios of be- 
tween 0.3 and 0.4 and the insignificant potassium 
losses with all experimental conditions at both after- 
loads do not indicate global ischemia." 

This failure to conclusively demonstrate myocardial 
ischemia as the cause for the vasopressin-induced 
decrement in mechanical performance seemed to be 
a new finding. To test the sensitivity of our lactate 
measurements we mechanically restricted the left main 
coronary flow by 30-50% in three experiments and 
observed that the lactate extraction ratio approached 
zero, which clearly demonstrated ischemia. Addi- 
tionally, left ventricular end-diastolic pressure was 
markedly elevated and other indices of left ven- 
tricular performance deteriorated. With a reduction 
of coronary flow by less than 30%, to mechanically 
mimic the reduction caused by vasopressin infusion 
the lactate extraction ratio and left ventricular per- 
formance parameters remained within normal limits. 
These results are in agreement with other published 
coronary perfusion data.? 

In order to further evaluate the mechanisms which 
may be responsible for the severe left ventricular 
dysfunction produced by vasopressin and reversed 
by adding epinephrine without objective evidence for 
ischemia, ventricular contractile performance was 
examined by comparing isovolumic contractile element 
velocities (Vce) to isovolumic pressures.*:!?:!* The data 
describing the isovolumic pressure- velocity relation for 
three of the experimental conditions, i.e., control, 
vasopressin, and the combination of vasopressin and 
epinephrine are nearly identical, suggesting that the 
changes in left ventricular function cannot be at- 
tributed to variations of contractile performance (Fig. 
5). However, the pressure-velocity relation with 
epinephrine infusion alone was clearly a separate curve 
with greater velocities at the same isovolumic pres- 


TABLE 2. 


-_ Cr OO EEE 


MAP Epinephrine 
O, consumption (ml/min/100 g L.V.) 100 12.45 = 53 
150 16.43 + 1.00 
Venous O, (Vol. %) 100 3.96 255 
150 5.86 + .70* 
Myocardial efficiency (%) 100 6.95 + .42 
150 7.76 + .45 
Lactate extraction ratio 100 33 * 02 
150 .40 + .11 
Potassium (V — A) (mEq/l) 100 —.07 + .02 
150 .07 + .03 


Values are means + SEM for seven isolated heart studies. p values 
were obtained using a paired t-test. 


Vasopressin and 


Control Vasopressin Epinephrine 
11.27 + .61 11.78 = .67 12.41 + .61 
15.78 + 1.58 17.56 + 1.21 16.93 + .99 
5.07 + .48 21.15 $4 1.38" 2.20 + .67* 
4.96 + .65 2.20 + .88* 2.34 4 1:14" 
7.54 + .47 6.90 + .41 6.82 € ,32 
7.98 + .61 6.36 = .54 A3 2 

Jo 4 2 A4 =. .32 + .04 

KE 3e * 01 .30 + .06 
= 05.2 D .05 + .08 —.13 + .03* 

10 4.12 a3 ud .10 + .06 


* Significantly different from control with p < 0.01. 
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sure. During vasopressin infusion the addition of the 
threshold level of epinephrine had no effect on the 
isovolumic pressure- velocity relation; yet it caused a 
significant decrease in end-diastolic pressure (Fig. 3) 
and a return of the function curve to control with no 
effect on coronary blood flow (Fig. 4). 

This phenomenon of an elevated end-diastolic pres- 
sure during vasopressin infusion and the reversal on 
adding epinephrine without evidence of impairment to 
contractile element performance suggested a reversible 
modification in relaxation characteristics of the ven- 
tricular myocardium. A depression of negative dP/dt 
(Table 1) was among the most sensitive and earliest 
changes after onset of vasopressin infusion and it 
recovered with addition of epinephrine. Further evi- 
dence of a reversible change in the ventricular 
myocardium was the prolonging of the early diastolic 
relaxation time constant (Table 1) with vasopressin 
infusion and the return to control on adding 
epinephrine. 


Discussion 


The stability of the isolated working left ventricular 
preparation has been documented previously.!? Experi- 
ments conducted for six hours on control, nontreated 
hearts showed stable values for LVEDP, myocardial 
efficiency, oxygen uptake, positive and negative dP/dt 
and coronary blood flow, while responsiveness to 
intermittent infusions of epinephrine was unaltered 
during the six-hour period. Under the conditions of 
the present study, each heart therefore could be used 
as its own control, and all experiments were com- 
pleted well within the previously established stable 
period. 

Myocardial ischemia as a consequence of general- 
ized coronary vasoconstriction has long been con- 
sidered the primary mechanism for impaired cardiac 
function by vasopressin,^!? but at lower doses excess 
lactate is not produced.5 The results of this study, 
i.e., the impairment of ventricular function curves, 
diminished dP/dt, and prolonged relaxation parameters 
by vasopressin infusion and their return to control by 
adding epinephrine without significant change in oxy- 
gen delivery, oxygen consumption, or lactate extrac- 
tion ratio, exclude global ischemia and suggest alterna- 
tive pathophysiologic mechanisms. There is conflict- 
ing evidence in the literature as to the effect of 
vasopressin on myocardial metabolic processes. With 
long-term exposure to vasopressin there was in- 
creased phosphorylase activity and diminished cardiac 
glycogen. Plasma free fatty acids are increased after 
administration of vasopressin.?9 Glycolysis is inhibited 
by the accumulation of free fatty acids or their 
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Fic. 5. The effects of epinephrine (- — —), vasopressin (+--> ), 
and epinephrine plus vasopressin (- - — : —) on the control (——) 
contractile element velocity-isovolumic pressure relationship. Each 
line is derived from the data points of 7 animals. 


metabolites in oxygenated hearts.? None of these 
biochemical measurements have been adequately cor- 
related with measurements of cardiac performance. 
The fact that epinephrine reversed the depression 
of cardiac performance by vasopression without 
changing coronary blood flow, myocardial oxygen 
consumption, or the lactate extraction ratio suggests 
the possibility of a reversible interference with 
calcium release from sarcoplasmic reticulum. Epi- 
nephrine is known to increase the accumulation 
of intracellular calcium ions,'? as will ischemia 
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when some perfusion remains.?' The myocardial tissue 
and intracellular electrolyte changes to vasopressin 
infusion have not been reported. These studies are in 
progress in our laboratory. 

While vasopressin did not produce significant global 
ischemia in the isolated left ventricular preparation, it 
is possible that selective ischemia of known vul- 
nerable regions, i.e., the subendocardium, could 
account for the depression of the left ventricular 
performance and relaxation parameters, and yet not 
be detected by a change in the global lactate ex- 
traction ratio. 
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especially during the first few days' therapy. Prochlorperazine 
may intensify or prolong the action of other C.N.S. depressants. 
Not recommended for children under 20 pounds or 2 years of 
age. 

Use in pregnancy only when potential benefits outweigh 
hazards. 


Precautions: The antiemetic action of 'Compazine' may mask 
the signs and symptoms of overdosage of other drugs and may 
obscure the diagnosis and treatment of other conditions such as 
intestinal obstruction, brain tumor and Reye's syndrome (See 
WARNINGS). Postoperative aspiration of vomitus has occurred in 
a few surgical patients who received prochlorperazine as an 
antiemetic. Deep sleep and coma have been reported, usually 
with overdosage. Patients on long-term therapy, especially high 
doses, should be evaluated periodically for possible adjustment 
or discontinuance of drug therapy. In children with acute 
illnesses or dehydration, use only under close supervision. 


Adverse Reactions: Drowsiness, dizziness, amenorrhea, blurred 
vision, skin reactions. Hypotension. Cholestatic jaundice, 
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leukopenia, agranulocytosis. Fatty changes in the liver have been 
observed in a few patients who died while receiving the drug (no 
causal relationhip has been established). Neuromuscular 
(extrapyramidal) reactions: motor restlessness, dystonias, 
pseudo-parkinsonism, persistent tardive dyskinesia. Contact 
dermatitis is a possibility with concentrate and injectable forms. 


Other adverse reactions reported with Compazine 
(prochlorperazine, SK& F) or other phenothiazines: Some 
adverse effects are more frequent or intense in specific disorders 
(e.g., severe hypotension in mitral insufficiency or 
pheochromocytoma). 


Grand mal convulsions; altered cerebrospinal fluid proteins; 
cerebral edema; prolongation and intensification of the action of 
C.N.S. depressants, atropine, heat and organophosphorus 
insecticides; dryness of mouth, nasal congestion, headache, 
nausea, constipation, obstipation, adynamic ileus, inhibition of 
ejaculation; reactivation of psychotic processes, catatonic-like 
states; hypotension (sometimes fatal); cardiac arrest; 
pancytopenia, thrombocytopenic purpura, eosinophilia; biliary 
stasis; lactation, galactorrhea, gynecomastia, menstrual 
irregularities, false-positive pregnancy tests; photosensitivity, 
itching, erythema, urticaria, eczema up to exfoliative dermatitis; 
asthma, laryngeal edema; angioneurotic edema, anaphylactoid 
reactions; peripheral edema; reversed epinephrine effect; 
hyperpyrexia; a systemic lupus erythematosus-like syndrome; 
pigmentary retinopathy; with prolonged administration of 
substantial doses, skin pigmentation, epithelial keratopathy, and 
lenticular and corneal deposits. 


EKG changes have been reported, but relationship to myocardial 
damage is not confirmed. Discontinue long-term, high-dose 
therapy gradually. 


NOTE: Sudden death in patients taking phenothiazines 
(apparently due to cardiac arrest or asphyxia due to failure of 
cough reflex) has been reported, but no causal relationship has 
been established. 


Supplied: Tablets — 5, 10 and 25 mg., in bottles of 100; 
Spansule* capsules — 10, 15, 30 and 75 mg., in bottles of 50; 
Injection — 5 mg./ml. in 2 ml. ampuls, 10 ml. vials, and 2 ml. 
disposable syringes; Suppositories — 2-1/2, 5 and 25 mg.; 
Syrup — 5 mg./5 ml.; Concentrate (intended for institutional 
use only) — 10 mg./ml.; Single Unit Packages of 100 (intended 
for institutional use only) — 5 and 10 mg. tablets; 10, 15 and 
30 mg. 'Spansule' capsules. 
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But What IF We Werent? 


The Kendall Company manufactures many products Kendall Operating Room Products are there... every 
whose presence, performance and quality area vital day, in every procedure . . . 

part of any surgical procedure. Products you may use meeting the exacting 

every day and may not be aware of . . . from surgical demands of the surgical 

drape packs to apparel, lap sponges, x-ray detectable profession. 

sponges, and other O.R. supplies. The Kendall Company s Hospital Products s One Federal Street s Boston, MA 02101 


The Kendall Company manufactures the following products for O.R. use: KERLIX Lap Sponges, KERLIX Round Sponges, KERLIX Rolls, CURITY Drape Packs, 
CURITY Apparel, CURITY Gowns, TRIPAQUE Sponges, RONDIC Sponges, CURITY Sponge Counters, CURITY Sterile Components and CURITY Face Masks 
CURITY, KERLIX, RONDIC and TRIPAQUE are trademarks of The Kendall Company. 
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for pain management 


in surgery 


B proven analgesic efficacy—as a pre- and 
postoperative agent...for patients in labor... 
as the analgesic component of balanced 
anesthesia 


fast acting—onset of action within 10 minutes 
IM, very rapidly IV; peak analgesic activity 
within 30-60 minutes IM, more rapidly IV 


tory depression similar to that of 10 mg of 
morphine or 70 mg of meperidine—unlike 
these agents, doubling the Stadol dose to 4 mg 
does not appreciably increase the magnitude 
of respiratory depression 


B favorable side effect profile—low physical 
dependence liability, little nausea or vomiting, 
infrequent constipation 


m few CNS effects other than sedation—the 
reported incidence of euphoria and hallucina- 
tions is less than 1% 


B nonscheduled—not subject to regulations 
under the Federal Controlled Substances Act 
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of moderate to severe pain 
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Brief Summary of Prescribing Information 
STADOL® (butorphanol tartrate) 


For complete information, consult Official Package Circular. 
(2) 12/10/79 

INDICATIONS AND USAGE—Stadol is recommended for the relief of moderate to severe 
pain. Stado! can also be used for preoperative or preanesthetic medication, as c 
supplement to balanced anesthesia, and for the relief of prepartum pain. 
CONTRAINDICATIONS—Stadol should not be administered to patients who have been 
shown to be hypersensitive to it. 
WARNINGS—Patients Physically Dependent on Narcotics: Because of its antagonist 
properties, Stadol is not recommended for patients physically dependent on 
narcotics. Detoxification in such patients is required prior to use. 
Due to the difficulty in assessing addiction in patients who have recently received 
substantial amounts of narcotic medication, caution should be used in the 
administration of Stadol. Detoxification of such patients prior to usage should be 
carefully considered. 
Drug Dependence: ve care should be exercised in administering Stadol to 
emotionally unstable patients and to those with a history of drug misuse. When 
long-term therapy is contemplated, such patients should be closely supervised. 
Even though Stadol has a low physical dependence liability, care should be taken 
that individuals who may be prone to drug abuse are closely supervised. It is 
important to avoid increases in dose and frequency of injections by the patient and 
to prevent the use of the drug in anticipation of pain rather than for the relief of pain. 
Head Injury and Increased Intracranial Pressure: Although there is no clinical experience 
in patients with head injury, it can be assumed that Stadol, like other potent 
analgesics, elevates cerebrospinal fluid pressure. Therefore the use of Stadol in 
cases of head injury can produce effects (e.g., miosis) which may obscure the 
clinical course of patients with head injuries. In such patients Stadol must be used 
with extreme caution and only if its use is deemed essential. 
Cardiovascular Effects: Because Stadol increases the work of the heart, especially tne 
pulmonary circuit, the use of this drug in acute myocardial infarction or in cardiac 
patients with ventricular dysfunction or coronary insufficiency should be limited to 
those who are hypersensitive to morphine sulfate or meperidine. 
PRECAUTIONS— Certain Respiratory Conditions: Because Stadol causes some respiratory 
depression, it should be administered only with caution and low dosage to patients 
with respiratory depression (e.g., from other medication, uremia, or severe infec- 
tion), severely limited respiratory reserve, bronchial asthma, obstructive respiratory 
conditions, or cyanosis. 
Impaired Renal or Hepatic Function: Although laboratory tests have not indicated that 
Stadol causes or increases renal or hepatic impairment, the drug should be 
administered with caution to patients with such impairment. Extensive liver disease 
may predispose to greater side effects and greater activity from the usual clinical 
dose, possibly the result of decreased metabolism of the drug by the liver. 
Biliary Surgery: Clinical studies have not been done to establish the safety of Stadol 
administration to patients about to undergo surgery of the biliary tract. 
Usage as a Preoperative or Preanesthetic Medication: Slight increases in systolic blood 
pressure may occur, therefore caution should be employed when Stadol is used in 
the hypertensive patient. 
Usage in Balanced Anesthesia: The use of pancuronium in combination with Stadol may 
cause an increase in conjunctival changes. 
Usage in Pregnancy: The safety of Stadol for use in pregnancy prior to the labor period 
has not been established; therefore, this drug should be used in pregnant patients 
only when in the judgment of the physician its use is deemed essential to the welfare 
of the patient. 
Reproduction studies have been performed in rats, mice and rabbits and have 
revealed no evidence of impaired fertility or harm to the fetus due to Stadol at about 
2.5 to 5 times the human dose. 
Usage in Labor and Delivery: Safety to the mother and fetus following administration of 
Stadol during labor has been established. Patients receiving Stadol during labor 
have experienced no adverse effects other than those observed with commonly used 
analgesics. Stadol should be used with caution in women delivering premature 
infants. 
Usage in Nursing Mothers: The use of Stadol in lactating mothers who are nursing their 
infants is not recommended since it is not known whether this drug is excreted in 
human milk. Stadol has been used safely for labor pain in mothers who sub- 
sequently nursed their infants. 
Usage in Children: Safety and efficacy in children below age 18 years have not been 
established. 
ADVERSE REACTIONS— The most frequent adverse reactions in 1250 patients treated 
with Stadol are: sedation (503, 40%), nausea (82, 6%), clammy /sweating (76, 6%). 
Less frequent reactions are: headache (35, 3%), — (33, 3%), floating feeling (33, 
3%), dizziness (23, 2%), lethargy (19, 2%), confusion (15, 1%), lightheadedness (12, 1%). 
Other adverse reactions which may occur (reported incidence of less than 1%) are: 
CNS: nervousness, unusual dreams, agitation, euphoria, hallucinations 
Autonomic: flushing and warmth, dry mouth, sensitivity to cold 
Cardiovascular: palpitation, increase or decrease of blood pressure 
Gastrointestinal: vomiting 
Respiratory: slowing of respiration, shallow breathing 
Dermatological: rash or hives 
Eye: diplopia or blurred vision 
OVERDOSAGE— Manifestations: Although there have been no experiences of over- 
dosage with Stadol vagi. clinical trials, this may occur due to accidental or 
intentional misuse as well as therapeutic use. Based on the pharmacology of Stadol, 
overdosage could produce some degree of respiratory depression and variable 
cardiovascular and central nervous system effects. 
Treatment: The immediate treatment of suspected Stadol overdosage is intravenous 
naloxone. The respiratory and cardiac status of the patient should be evaluated 
constantly and appropriate supportive measures instituted, such as oxygen, intra- 
venous fluids, vasopressors and assisted or controlled respiration. 
HOW SUPPLIED—Stadol (butorphanol tartrate) Injection for I.M. or I.V. use, is available 
as follows: 

NDC 0015-5644-20—2 mg per ml. 2-ml vial 

NDC 0015-5645-20— 1 mg per mi, 1-mi vial 

NDC 0015-5646-20—2 mg per ml, 1-ml vial 

NDC 0015-5646-23—2 mg per ml, 1-ml Disposable Syringe 

NDC 0015-5648-20—2 mg per ml, 10-ml multi-dose vial 
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Here is up-to-the-minute, useable information 
on the known endocrine syndromes requiring 
the attention of surgeons and other physicians. 
The book encompasses all the surgically signifi- 
cant endocrinopathies, both common and rare, 
all ages of patients, from the newborn to the 
elderly, and all accepted techniques of clinical 
and laboratory diagnosis, as well as surgical and 
conservative management. 


The relevant basic sciences are integrated with 
current diagnostic and therapeutic techniques. 
Each of the contributors is a leading authority 
writing on his own area of special interest. 


Among the unique features of this text you'll 
find an illuminating commentary on each 
chapter by Dr. Friesen... step-by-step diagnos- 
tic flowcharts... a central table of the humoral 
and biological actions of 20 important endocrine 
syndromes mnemonic names for the 
syndromes . . . diagrammatic illustrations de- 
picting the pathophysiology of each syndrome 
as a composite of clinical findings. 


The volume presents a wealth of extraordin- 
arily current developments, featuring informa- 
tion on such innovative concepts and practices 
as the APUD series of endocrine cells—their 
origin, identification, and clinical applications, 
and the future surgical management of endo- 
crinopathies via transposition and transplan- 
tation of endocrine tissues. 
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Early Cholecystectomy for Acute Cholecystitis 


A randomized clinical trial was undertaken to compare early 
and delayed cholecystectomy for acute cholecystitis. Patients 
entering early (n — 83) or delayed (n — 82) surgery groups 
were comparable with regard to prerandomization data. One 
patient in the early group and five in the delayed group refused 
surgery (p < 0.1) and two misdiagnoses occurred in each 
group. (2.4%). There was no difference in the incidence of 
technical difficulty measured by operative complications and 
duration of operations between the two groups. The same 
number of patients with common duct stones and perfora- 
tions of the gallbladder were in each group. There was one 
death in the delayed group and none in the early group. Post- 
operative morbidity was 13.8% in the early group and 17.3% 
in the delayed surgery group (p > 0.1). Wound complications 
were slightly more common in the early surgery group (p 
> 0.1). In the delayed surgery group 13% of the patients had 
to be operated on before the planned date of surgery because 
conservative management failed. In addition, 15% of the 
patients had clear recurrent symptoms. Early surgery reduced 
total hospital stay by a mean of 7.5 days and the period of the 
patient's incapacity for work by 14.4 days. The data suggest 
that in acute cholecystitis early surgery is preferable when 
performed by an experienced surgeon with adequate pre- and 
intraoperative aids. Besides lower costs it offers the advantage 
of avoiding recurrent attacks and emergency operations 
without increasing mortality or morbidity. 


N THE TREATMENT of acute cholecystitis both early 
I surgery within a few days of onset?^'? and delayed 
operation after the subsidence of acute symptoms ?:? 
have supporters. Controversy concerning the preferable 
timing of surgery continues because of lack of com- 
parable patient series treated with each modality. So 
far, the only controlled trial was reported by van der 
Linden and Sunzel in 1970.5 Their data favored early 
surgery for acute cholecystitis, although not une- 
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quivocally. The present randomized study was under- 
taken to elucidate further the applicability of early 
definitive surgery compared with the traditional de- 
layed surgery for acute cholecystitis. 


Patients and Methods 


All the patients admitted to the Second Department 
of Surgery at the Helsinki University Central Hospital 
between February 1, 1976 and May 31, 1978, with a 
tentative clinical diagnosis of acute cholecystitis were 
candidates for the study. Those patients who after 
clinical, radiologic and laboratory examinations fulfilled 
the following criteria were considered eligible for the 
trial: 1) Acute abdominal pain of less than 7 days' dura- 
tion; 2) Clear tenderness or muscular defense under 
the right costal margin; 3) Axillary temperature over 
37.5 C and/or leukocytosis over 10 x 10°%/L: 4) Intra- 
venous cholegraphy (or exceptional cholescintigraphy) 
supporting the diagnosis of acute cholecystitis.® 1 
Patients with a serum amylase level over 1000 units 
per liter entered another clinical trial and were excluded. 

Forty-six (22%) of the 211 patients meeting the 
criteria were excluded before randomization because 
one or both ofthe treatment modalities were considered 
unsuitable. Of these, 28 had signs of spreading peritonitis 
and underwent emergency operation within 24 hours of 
admission without mortality. The remaining 18 patients 
either refused surgery or had severe contraindications 
warranting an operation on vital indications only. Five 
of these patients subsequently underwent emergency 
surgery, and one died. 
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After these exclusions 165 patients were randomly 
allocated to early (n — 83) or delayed (n — 82) surgery 


groups by the method of supernumerary sealed enve-. 


lopes. The control of comparability of the groups in- 
cluded age, sex, earlier history of biliary disease, dura- 
tion of acute symptoms, liver function tests and presence 
of significant risk factors due to other diseases, such 
as severe cardiac or pulmonary disease or diabetes. 

The supportive treatment was similar for the two 
groups. All patients received intravenous ampicillin 
(1g four times a day) or cephalothin (1—2g four times 
a day) for five to ten days during the acute stage. Fluid 
infusions and analgesics were used routinely and naso- 
gastric suction was used in more severe cases. In an 
effort to achieve optimal conditions for surgery, chest 
x-ray, electrocardiogram, blood studies, electrolytes 
and urine sediment were examined at admission. Pa- 
tients with estimated high risk of thromboembolic 
complications received low-dose heparin subcutaneously 
(5000 units three times a day) for five days from the day 
of surgery. 

The patients undergoing early surgery were operated 
on within seven days of the onset of acute symptoms, 
asarule on the next schedule or after it in the afternoon. 
The mean interval between admission and operation 
was 1.6 + 1.2 days. The patients in the delayed surgery 
group were discharged as soon as the acute symptoms 
had subsided. They were readmitted for elective 
surgery two to four months later (mean 2.6 + 0.7 
months). When possible, further attacks of acute 
cholecystitis during the interval were treated con- 
servatively. If conservative treatment failed, operative 
intervention was performed before the planned date of 
surgery, but only on mandatory indications. 

All operations were carried out by the same group of 
staff surgeons and senior residents. One of the authors 
attended 85% of the operations. 

The surgical procedure was similar in the two groups. 
The abdomen was opened through a midline incision, 
and dissection of the gallbladder was started from the 
fundus. Operative needle cholangiography'* was per- 
formed routinely. Choledochotomy was undertaken 
when indicated by the radiologic finding. Sphincter- 
otomy with papilloplasty was used to remove tightly 
impacted ampullary stones. After choledochotomy, 
T-tube drainage was used. A postexploratory cholangi- 
ography was performed before wound closure, and 
repeated on the sixth to eighth postoperative day before 
extraction of the T-tube. The subhepatic space was 
always drained. The gallbladder was subjected to micro- 
scopic examination. Liver function tests and chest 
x-rays were repeated on the third postoperative day. 
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All patients were followed up for at least one month 
by personal examinations and laboratory tests. 

Statistical methods employed were the frequencies, 
means + SD, and significance testing of the differences 
(chi square and Student's t-test). 


Results 


One of the 83 patients in the early group and five 
of the 82 patients in the delayed surgery group refused 
surgery after randomization (p < 0.1). There were 
four misdiagnoses (2.4%), two in both groups. All four 
patients had gallstones, but the acute symptoms proved 
to be due to a periappendicular abscess and liver cir- 
rhosis in the patients of early surgery group and to a 
perforation of a duodenal ulcer and hydropyonephrosis 
of the right kidney in the patients of the delayed surgery 
group. The patients of the delayed group underwent 
emergency operations on the third and sixth day after 
admission. 

For all the other randomized patients cholecystec- 
tomy and operative cholangiography were successfully 
performed as planned, 80 in the early group and 75 in 
the delayed surgery group. Despite a slight excess of 
patients with ‘‘increased risk’’ in the early group, the 
two groups were statistically comparable with each 
other (Table 1). 


Conservative Period of the Delayed Surgery Group 


The waiting period before the planned date of delayed 
operation was uneventful in 52 patients (69%), whereas 
operative intervention proved necessary before the 
scheduled date in ten patients (13%). Three of the latter 
patients developed signs of spreading peritonitis (two to 
three days after admission), five had increasing jaundice 
and cholangitis (4—18 days) and two an unresolving 
painful empyema (6— 14 days). In addition, 11 patients 
(15%) undergoing delayed operation two to four months 
after the acute attack suffered from clear recurrent 
symptoms during the waiting period. Five of them had 
a recurrence of acute cholecystitis, two acute pan- 
creatitis and four biliary colics. Nine patients had to 
be readmitted, but the symptoms soon subsided, and 
the patients were discharged and operated on delayed 
as planned. Furthermore, two cases of pneumonia 
occurred during the initial acute episode of cholecystitis. 


Operative Findings 


There were five (3.2%) gallbladder perforations, three 
in the early and two in the delayed surgery group. Of the 
three early patients, two were free perforations and one 
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TABLE 1. Comparison of the Prerandomization Data in the Early 
and Delayed Surgery Groups 
V————— iii 


Early Delayed 
Surgery Surgery 
(n = 80) (n = 75) 


———————————————————————————————— 


Age (years) 51.8 € 15.6 56.7 + 15.9 
Sex (males) 40 (5092) 36 (48%) 
Previous history + 44 (55%) 34 (45%) 
Duration of acute symptoms (days) ELEL 2.3 22) 
Increased risk 35 (44%) 23 (31%)* 
Bilirubin over 21 mcmol/L 27 (34%) 23 (31%) 
Transaminases over 40/45 units/L 25 (31%) 28 (37%) 
Alkaline phosphatase over 280 

units/L 16 (20%) 19 (25%) 
U-amylase over 2500 units/L 6 (7.5%) 8 (11%) 


ae ea ee ADM NIE 
* p > 0.05, in all other variables p > 0.1. 


was a cholecystoduodenal fistula; the two late patients 
had concealed perforations. Microscopic exammination 
of the gallbladder wall revealed gangrenous changes in 22 
early and in seven delayed group specimens (Table 2). 
Histopathologic signs of acute inflammation were seen 
in 11 delayed group cases while seven early group cases 
had chronic changes only, although there was no doubt 
of the diagnosis at operation. 


Operative Procedures 


In addition to cholecystectomy and operative 
cholangiography, common duct exploration was per- 
formed for 17 patients in the early and 15 patients in the 
delayed surgery group. Common duct stones were 
present in 15 (18.8%) and 12 (16.0%) instances, 
respectively (p > 0.1, mean: 17.4%). In four delayed 
operations transduodenal sphincterotomy was neces- 
sary for the removal of an impacted ampullary stone. 

Coincidental findings in the early surgery group were 
one renal carcinoma, two incisional hernias and one 
case of polycystic liver; right nephrectomy and closure 
of hernias were performed at the primary operation. 
Similarly, one appendix, one Meckel's diverticulum 
and one hepatoma were removed and one umbilical 
hernia repaired in delayed operations. 


TABLE 2. Histopathologic Findings in Gallbladder Specimens 
in Early and Delayed Surgery Groups 


C 


Early Delayed 

Surgery Surgery 

(n = 80) (n = 75) 

eee 
Acute gangrenous cholecystitis 22 7 
Acute cholecystitis 39 4 
Acute and chronic cholecystitis 12 7 
Chronic cholecystitis 7 57 
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Technical Difficulty 


In neither of the groups were there patients with 
intraoperative blood loss indicating correction by trans- 
fusions, although anemia present before surgery was 
occasionally compensated with blood. Three minor 
intraoperative complications occurred in early and two 
in elective delayed operations. The former included a 
tear of the duodenal stump and a bleeding of the portal 
vein in patients with earlier partial gastrectomy and one 
case of minor bile leak at the cystic duct junction needing 
a stitch. Two lesions of the latter type occurred in the 
delayed surgery group. All lesions were easily cor- 
rected without any later consequences. 

The operation times for simple cholecystectomy 
were 93 + 27 minutes in the early and 85 + 33 minutes in 
the delayed surgery group (p > 0.1) while operations 
with common duct exploration took 139 + 44 minutes 
and 147 + 37 minutes (p > 0.1), respectively. 


Postoperative Morbidity and Reoperations 


There was no mortality after early surgery, whereas 
one patient (1.3%) of the delayed surgery group died of 
postoperative thrombosis of the superior mesenteric 
artery, despite reoperation and resection of the small 
intestine two days later. This 68-year-old woman 
coincidentally had a hepatoma 2 cm in diameter at the 
border of the right liver lobe, and this was removed by 
a wedge resection at the primary operation. 

The total number of postoperative complications 
showed no statistical difference between the two groups 
(Table 3). Wound complications were, however, slighty 
more common in the early surgery group (p > 0.1), 
and other abdominal complications were more common 
in the delayed surgery group (p < 0.1). Besides re- 
sutures and the case of intestinal resection mentioned 
already, one drainage operation was needed in each 
group because of intra-abdominal abscesses. All pa- 
tients with postoperative ileus responded to conserva- 
tive measures in a few days. 

Retained common duct stones were encountered in 
two cases (1.3% of all and 6.3% of patients with common 
duct exploration), one in each group. The patient in the 
early surgery group was reoperated on, while the 
stone in the delayed group case passed spontaneously. 


Hospital Stay and Patient’s Incapacity for Work 


The total hospital stay was 7.5 days fewer in the early 
surgery group than in the delayed surgery group. The 
difference was 14.4 days in the case of insurance pay- 
ment for the loss of working capacity (paid for all gain- 
fully employed people under the age of 65 in Finland). 
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The difference was highly significant in both instances 
(Table 4). The average time spent in hospital for con- 
servative treatment, including the management of re- 
currences, was 6.2 days in the delayed surgery group 
and time required during operative admission was 
12.0 days. 


Discussion 


One argument against early surgery in acute chole- 
cystitis is the possibility of an erroneous diagnosis.?* 
In the present series only four patients (2.4%) were 
misdiagnosed; they were distributed evenly between 
the two groups. Of these four patients, all of whom had 
gallstones, three required emergency surgery in any 
case. Further examinations would probably have been 
unsuccessful or even hazardous. Usually, adequate 
clinical and radiologic evaluation can be made within 
24—48 hours of admission.*** Intravenous cholegraphy, 
as used in the present study, has proved a valuable 
diagnostic aid,? but other radiologic measures, such as 
cholescintigraphy, infusion tomography of the gall- 
bladder, ultrasound and even oral cholecystography 
can also be considered.* ^? 

Another issue of controversy is the claimed technical 
difficulty of performing cholecystectomy during the 
acute phase of cholecystitis.!'? The evaluation of this 
problem is always subjective and no generally accepted 
criteria exists." However, in none of the cases of the 
present series was cholecystectomy technically im- 
possible. Furthermore, both operation times and the 
incidence of minor operative complications were equal 
in the two groups. In all stages of acute cholecystitis, 
however, cholecystectomy may be considerably more 
difficult than elective operations for uncomplicated 
cholelithiasis. In operations for acute cholecystitis 
the need for surgical experience is to be emphasized. 

Common duct stones were equally frequent in the 
two groups of the present series, on average 17.4%. 
The low rate of retained stones in our series 
suggests that they present no special problems when 
routine intraoperative cholangiography is used. How- 
ever, if conservative treatment is practiced, common 
duct stones carry an increased risk of cholangitis and 
impaction at the sphincter of Oddi. Furthermore, 
conservative treatment involves a threat of gallbladder 
gangrene and perforations, complications that were ob- 
served in both groups of the present study. 

Postoperative mortality and morbidity were equal 
in the two groups. However, wound complications 
were somewhat more frequent in the early surgery 
group. A similar, and actually statistically significant 
difference was encountered in the series of van der 
Linden and Sunzel.* 
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TABLE 3. Postoperative Complications in the Early 
and Delayed Surgery Groups 


Early Delayed 
Surgery Surgery 

(n = 80) (n = 75) 
Pneumonia l 2 
Wound infection/hematoma 3" = 
Wound dehiscence ai ]* 
Incisional hernia l l 
Intra-abdominal abscess E" d 
Ileus l 3 
Mesenteric thrombosis - 1*1 
Pancreatitis = 2 
Cardiac infarction - l 
Transient psychosis l X 

11 (13.896) 13 (17.3%) 


* Reoperation. 
t Death. 


In the group of delayed surgery, 1346 of the patients 
required emergency surgery before the planned date of 
operation, as also observed in the preliminary report by 
McArthur et al. In addition, 15% of the patients 
experienced clear recurrent symptoms during the 
waiting period. Even though no severe surgical com- 
plications occurred in the present closely monitored 
trial, it seems clear that in routine clinical work such 
patients present a greater risk characterized even by 
enhanced mortality .? 9 

In conclusion, the present study did not reveal any 
arguments against early cholecystectomy in acute 
cholecystitis. The results of the early and delayed 
treatment regimens were similar both diagnostically 
and technically, as well as with regard to postopera- 
tive morbidity and mortality. However, conservative 
treatment often failed and had to be interrupted with 
emergency surgery in a complicated situation, which is 
prone to increase the risks of the delayed surgery 
regimen. Furthermore, the socioeconomic benefits of 
the one-week shorter hospital stay and two-weeks 


TABLE 4. Total Hospital Stay and Insurance Payment for 
the Loss of Working Capacity 


Hospital Insurance 

Stay Payment 
(days) (days) 
Early surgery group 10.7 + 4.9 40.0 + 4.4 
(n = 80) (n = 33) 
Delayed surgery group 18.2 + 8.6 54.4 + 8.8 
(n = 75) (n = 35) 

Difference 7.5 (p < 0.001) 14.4 (p < 0.001) 
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reduction in loss of working capacity of patients treated 
with early surgery are obvious. 


tr 
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Book Reviews 


Pain: New Perspectives in Measurement and Manage- 
ment. A. W. Harcus. 194 pp. New York, Churchill 
Livingstone. 1978. $23.50. 


THIS BOOK is based on a regional symposium on pain 
held in England in May 1977. It is clinically oriented; 
most articles are short reviews and well written. Refer- 
ences and index are adequate. 

The book opens with a physician's account on pain 
experienced after three heart operations. There follow 
seven chapters (sessions), each containing several 
papers and a discussion of the presented material. 

The opening sessions deal with pain assessment and 
measurement, and the effects of analgesics on ureteral 
function, respiration, and circulation. Chapter 3 re- 
ports on problems associated with the use of analgesics 
and recent pharmacological advances including endo- 
genous opioid peptides. It is followed by a discussion 
on drug abuse and attempted solutions to treating ad- 
dicts within the frame of the Public Health Service. 
Chapter 5 reviews the management of acute pain fol- 
lowing myocardial infarction, operation, and trauma. 
Chapter 6 presents two articles on treatment of chronic 
pain, followed by two papers on management of the 
terminally ill. The volume concludes with a session on 
buprenorphine, a new analgesic with partial morphine- 
antagonistic action. 

This book strongly reflects the experience. prefer- 
ence, and attitude of British physicians. It provides 
a scholarly discussion of analgesics and their dif- 
ferential application to acute pain and the manage- 
ment of terminal illness. Included are drugs like dia- 
morphine, which is not available for clinical use in the 
United States, and Entonox (5096 N4,O in O»), which has 
never become popular. Conversely, other modes of 
therapy are largely omitted (e.g., neuroablative 
procedures). 

BRUNO J. URBAN, M.D. 


Surgical Conditions in Paediatrics. H. Homewood 
Nixon. 448 pp. London, Butterworths. 1978. $55.95. 


SURGICAL CONDITIONS IN PAEDIATRICS is proffered as 
a book for both the pediatrician and the surgeon, but 
primarily for the medical pediatrician from the sur- 
geon's point of view. 

In actuality, the book is an impressive compendium 
of the author's extensive experience in a field in which 
he was a pioneer. As such, it has its strengths and 
weaknesses, varying with the author's interests and 


prejudices. The initial chapters covering neonatal 
surgical symptoms, their significance, and the details 
of management of specific obstructive entities are the 
best organized from the standpoint of the pediatrician 
using the book as a guide to evaluating his patient. 

Other strong chapters are those discussing anorectal 
anomalies, hydrocephalus and spina bifida, pyloric 
stenosis, intussusception, and the chapters on the 
urinary tract and genital abnormalities. The chapter 
on obstructive jaundice is remarkably current, whereas 
the section on diaphragmatic hernia is almost devoid 
of the pathophvsiology of pulmonary vascular hyper- 
tension and persistent fetal circulation. Two chapters 
on abdominal pain emphasize appendicitis as a discrete 
entity too strongly, missing the opportunity to instruct 
the pediatrician in the urgency of abdominal explora- 
tion for appropriate symptoms and signs without a 
secure diagnosis. The section on recurrence of chronic 
abdominal pain rightly emphasizes the variety of or- 
ganic causes responsible for what is too often hastily 
judged to be of psychosomatic origin. 

The sections on lesions of the thorax in both infancy 
and later childhood are disappointingly superficial. 
The areas of endoscopic evaluation, foreign body 
aspiration and judgments regarding the treatment of 
infiltrates and effusions are barely touched on. The 
section on ‘“‘tumours’’ presents a fairly up-to-date 
introduction to most of the common tumors of child- 
hood with good reference support. Unfortunately, 
the section on Wilms’ tumor downplays the very 
significant advances being made in treatment of this 
tumor by the National Wilms’ Tumor Study and 
presents a bleaker picture of its prognosis than is 
generally accepted today. 

The section on management reflects the long-stand- 
ing British pediatric surgical disaffection with physi- 
ologic fluid and electrolyte management, still clinging to 
the ‘‘dehydration, salt restriction, inappropriate ADH 
approach'' of the 1950's. It therefore offers little to the 
pediatrician or surgeon faced with the need to manage 
a postoperative, hypovolemic, hypoxic, septic new- 
born with all the physiologic derangements of vascular 
volume, cardiac output, intravascular oncotic pressure 
and electrolyte balance inherent in these conditions. 

The book should be most beneficial to the medical 
student or junior house officer in pediatrics or surgery 
who wants an overview of the field of pediatric surgery. 
It may well be the best short textbook on the subject 
for its breadth of coverage and readability. References 
are generally up to date and the index is of sufficient 
detail to be useful. For the more experienced pediatric 
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surgeon, it is a special treat to compare his views with 
those of Nixon and to appreciate the experience, good 
judgment and balanced approach which the author 
displays. 

HOWARD C. FILSTON, M.D. 


Graft Materials in Vascular Surgery. Herbert Dardik 
(ed.). 425 pp. Chicago, Year Book Medical Publishers. 
1978. 


THE SEARCH CONTINUES for a vascular conduit 
which can be stored for long periods and which can be 
used with results comparable to those achieved with a 
reversed autogenous saphenous vein. This collection 
of articles, presented at asymposium in 1978 and edited 
by a proponent of the use of human umbilical cord vein 
as a prosthesis, reviews the history of this search and 
outlines the status of various materials now being used 
or investigated. 

The first section contains a number of excellent 
chapters outlining graft engineering considerations in 
terms the nonengineer can understand. The second 
section has a chapter on each of a number of graft 
materials. These articles review various areas of 
investigation and give data regarding short-term 
patency rates. Unfortunately the absence of uniform 
standards of testing and the lack of long-term patency 
data limit the practical usefulness of this section. 
Three discussion sections are valuable as they reveal 
differences of opinion among authorities and outline 
some of the defects in our general knowledge of graft 
material technology. A final section reviews the experi- 
ence in other countries; several chapters are devoted 
to specialized uses in trauma, in the venous system, 
and in patients with angiitis. A particularly interesting 
chapter on cost analysis documents nicely that an ex- 
pensive graft with an excellent patency rate is cost 
effective compared to a less costly graft with a lower 
patency rate when postamputation rehabilitation costs 
are considered. 

The limitations of a book with multiple authors about 
a rapidly expanding field are present here—some 
chapters are outdated, some are uneven, and others 
have only preliminary data. Nonetheless, it is useful 
reference work and indicates that both expanded 
polytetrafluoroethylene (PTFE made by both Gore- 
Tex and Impra) and glutaraldehyde stabilized human 
umbilical cord vein may be candidates for the best 
second choice after the reversed autogenous saphenous 
vein. The search, however, is still in its formative 
years. 

HucH H. Trout, 111, M.D. 
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Surgical Endocrinology: Clinical Syndromes. Stanley R. 
Friesen. 430 pp. Philadelphia, J. B. Lippincott Com- 
pany. 1978. $27.00. 


SEVERAL BOOKS on the surgical aspects of endo- 
crinology have been published recently, and it is a 
pleasure to welcome another which has an individual 
and novel flavor. Dr. Friesen has been interested in 
this rapidly advancing subject for many years and, 
joined by Dr. Bolinger as Editorial Consultant, has 
collected a team of 28 contributors, both American and 
British, mostly surgeons and all authorities in their 
fields, to help him. Dr. Owen Wangensteen writes a 
scholarly foreword, reviewing the history of surgical 
endocrinology. 

Dr. Friesen has three goals: 1) *‘The unification of 
basic and clinical concepts," 2) ‘the simplification of 
diagnostic criteria," and 3) the presentation of thera- 
peutic options." These must be examined in turn. 

1) In the first section on "Basic Concepts,’ the 
neuroendocrine system and the APUD concept are in- 
troduced at once, are considered in some detail, and 
provide a framework for the whole book. Other topics 
relating basic and clinical aspects include immunology, 
genetics, transplantation, current concepts of diag- 
nosis, and future concepts of management. In all these 
the first goal is achieved. In the chapters on clinical 
syndromes (the major part of the book), however, the 
unification is patchy. In some (e.g., hypercalcemia 
and aldosteronism) there are brief but adequate ac- 
counts of control mechanisms, but in most others basic 
concepts are lacking. 

2) The approach is functional, and syndromes caused 
by excessive secretion of humoral agents are described 
in four sections: amines, polypeptides, steroids, and 
a miscellaneous group. Presenting symptoms and signs, 
and the indications for diagnostic methods and locali- 
zation procedures are described clearly, and there are 
numerous helpful flowcharts, of value to internists and 
surgeons, suggesting appropriate diagnostic pro- 
cedures. Nonsecreting tumors or other lesions of endo- 
crine glands (e.g., most of those of the thyroid) are 
not considered. 

3) Therapeutic options are discussed in varying detail 
and are incorporated in the flowcharts, mentioned 
already, which therefore provide overall schemes of 
management for individual clinical syndromes. There 
are full accounts of some operations, such as adrenalec- 
tomy, but none of thyroidectomy. 

Valuable editorial commentaries at the ends of the 
chapters put the topics into perspective. There are 
several inconsistencies among different contributors, 
and Dr. Friesen might have been more strict with them: 
however, the defects are comparatively unimportant 
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and can be made good in another editior. They are 
largely the result of one of the book's great merits, 
namely the fact that it was written and published very 
quickly and is remarkably up to date. It is an excellent 
source of references, both old and new, and has a good 
index. It shouid be in every library, and interested sur- 
geons and internists will wish to buy it for themselves. 

R. B. WELBOURN, M.D., F.R.C.S. 


Surgical Pediatric Urology. H. B. Eckstein, R. Hohen- 
fellner, and D. I. Williams. 533 pp. Philadelphia, W. B. 
Saunders Company. 1978. $110.00. 


THE INTENTION of the editors was to describe the 
operative techniques of all the common disorders in 
pediatric urology. Extending considerable latitude to 
the contributing authors, who, for the most part, are 
from the Society of Paediatric Urological Surgeons 
(SPUS), each of the articles offers ideas anc opinions 
of considerable merit. The extensive content and 
complexity of this text fully affirms pediatric urology 
as a bona fide subspecialty. The editors have made ex- 
cellent selections, not the least of which was their 
choice of Rudolf Brammer as their illustrator. The 
medical art throughout the text is superb and con- 
sistently precise. The reproduction of the radiographs 
and especially of the angiography is to be commended. 

In the first 80 pages, the reader is afforded concise 
briefs on pediatric nephrology, radiology, angiography, 
isotopes, ultrasound, anesthesia, oncology. endos- 
copy, and nursing care. The sections on nephrology 
and radiology are particularly well done, save for the 
unconventional grading of vesicoureteric redux pre- 
sented by Chrispen without mention of the more widely 
accepted grading system in our country (Dwoskin- 
Perlmutter). 

Accompanying the clearly depicted intraoperative 
drawings are the authors’ accounts of indications, pit- 
falls, and complications of each technique, which are 
most beneficial. The articles written by D. I. Williams 
and J. H. Johnston (Chapters 4.0 and 4.4) on the ureter 
are outstanding and constitute required reading for 
pediatric urologists. 

Mr. Williams offers a variation of the Young-Dees 
procedure for exstrophy which I have not seen cepicted 
before. The hypospadias chapter by Kelalis ts up to 
date with the one stage repair; however, the multi- 
stage section is most uninviting and not recommend- 
able. Hohenfellner' s supracostal approach is shown in 
the 11th interspace; however, in our experience, the 
tenth interspace has offered wider exposure and has 
been found most useful in the older child or adoles- 
cent with renal tumors. 
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Some of the sections include controversial material 
regarding clinical indications for procedures such as 
upper ureteral revisions for megaureters and re- 
location of pelvic kidneys. Granted, the authors state 
the rarity of the need for these procedures, but I 
question whether thev should be included in an atlas 
of the common procedures. It would have been helpful 
to have an operative depiction of donor nephrectomy 
in the beating heart cadaver included, since this is a 
procedure with which we should all be more comfort- 
able. The Leadbetter ureterocolonic anastomosis to 
avoid reflux should have been offered as an alterna- 
tive to the transcolonic technique. It is difficult, 
however, to be critical of this outstanding contribution 
to the ever expanding educational material on pediatric 
urology. 

Kudos again go to the artwork for its clear repre- 
sentation in perspective so uncommonly seen in pedi- 
atric texts. This book is the most consistently ac- 
curate atlas since the days of Brodel and Didusch. It is 
likely that this text is the beginning of a series covering 
the pediatric surgical specialties for the future. 

JOHN W. DuckrerT, M.D. 


Hernia. Lloyd M. Nyhus (ed.). 782 pp. Philadelphia, 
J. B. Lippincott Company. 1978. 


THE FIRST EDITION of this book 15 years ago provided 
a complete and authoritative source for information 
concerning hernia; this excellent second edition is 
equally meritorious. The many authors are all recog- 
nized experts, and, in a number of instances, are the 
originators of the operation described. All abdominal 
hernias are considered: the common groin hernias, rare 
hernias such as obturator and sciatic, internal hernias, 
and hiatal hernias as well as others. The historical as- 
pects, anatomy, etiologic factors, diagnosis and opera- 
tions are presented in detail. The descriptions are clear 
and the illustrations are excellent. The references are 
well selected. The chapter on the anatomy of the in- 
guinal region deserves particular comment, not only 
because of its clarity but because of the precise nomen- 
clature which has been so confusing in many other 
descriptions. While the discussion of the biology of 
hernia may not provide many definite answers, stimu- 
lating questions are certainly asked. Purely on the basis 
of a personal interest, a chapter specifically devoted to 
recurrent inguinal hernia would have been helpful. 
No one would expect any surgeon to agree with all 
the statements made; I would disagree moderately 
with some and vigorously with a few. Alternative 
methods, however, are described within chapters, in 
separate chapers, or in the valuable special comments. 
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If a weakness must be found, it would be in these 
alternatives, as the beginning surgical resident may 
find too many options. At the same time, the student, 
the resident and even the accomplished surgeon will 
find this book most informative, as well as a pleasure 
to read. 

RAYMOND PosrLETHWAIT, M.D. 


Venous Problems. J. J. Bergan and J. S. T. Yao. 613 pp. 
Chicago, Year Book Medical Publishers. $42.50. 


THIS BOOK, consisting of papers from a symposium 
honoring Dr. Geza de Takats, is basically on venous 
disorders of the lower extremity including the in- 
frarenal vena cava. It has 38 chapters written by 52 
contributors, all authorities in the field, with American 
and international representation. It is divided into six 
sections, each preceded by an overview and followed 
by lively discussion from the participants. With these 
features the book has good continuity despite its multi- 
authored chapters. 

Although basically a vascular surgical work, pre- 
sentations by physiologists, pathologists, biochemists, 
hematologists, radiologists, biomedical engineers, 
internists, and nuclear medicine physicians provide 
thoroughness and depth. 

The current high level of interest in noninvasive 
diagnostic methods for venous disorders is acknowl- 
edged by extensive coverage, with a concluding 
chapter on the role of the vascular laboratory, bringing 
into proper perspective its accuracy and usefulness for 
the physician in practice. 

Management of classic venous disorders is brought 
up to date. In addition to standard surgical tech- 
niques, the more recently introduced operations of 
filter interruption of the vena cava, crossover femoral 
grafts, femoropopliteal venous bypass, transcatheter 
pulmonary embolectomy, and direct transvenous re- 
pair of incompetent femoral vein valves are presented 
as procedures pointing towards future progress in relief 
of certain venous disorders, past management of which 
has been less than satisfactory. 

Coverage is all-inclusive except for a few items. 
Omitted is management of acute saphenous phlebitis, 
a disease treated inadequately by many physicians. 
Venous problems in pregnancy are not discussed. Pul- 
monary hypertension associated with acute and recur- 
rent pulmonary embolism is not covered. 

This excellent book represents a landmark con- 
tribution. It is valuable not only for vascular surgeons 
but for all surgeons in training and practice, and for 
all physicians who encounter or manage venous 
problems. 

Jesse E. THOMPSON, M.D. 
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Intensive Care Radiology: Imaging of the Critically Ill. 
Goodman and Putman. 363 pp. Saint Louis, C. V. 
Mosby Company. 1978. $34.50. 


THE RADIOLOGY of the critically ill patient is such a 
vitally important topic, in our estimation, that it is 
presented immediately to all our incoming residents. 
All training programs, whether for radiologists or in- 
tensive care specialists, have been hindered in teaching 
this topic by the lack of textbook material. Finally, 
Goodman and Putman have given us a textbook which 
both concisely and completely presents all the im- 
portant aspects of intensive care radiology. The 
editors (chest radiologists) have done a good job of 
selecting and directing their co-authors (anesthesi- 
ologists, internists, cardiologists, and physicists), 
so that the book does not suffer from discontinuity or 
repetitiveness. The resulting subject material is ex- 
cellently chosen and presented. The introductory 
chapter covers the history and growth of intensive care, 
and the techniques of respiratory and cardiovascular 
support. The next two chapters cover all of the im- 
portant support and monitoring apparatus, their normal 
position and appearance and their potential complica- 
tions. Next are two excellent chapters on the im- 
portant cardiopulmonary disorders which occur in the 
critically ill patient. Subsequent chapters cover the 
value of the portable abdomen film, special radio- 
graphic procedures (angiography, ultrasound), sys- 
temic effects of invasive radiographic studies, cardio- 
vascular nuclear medicine, and physics. Throughout 
the case examples are excellent, and the photographic 
reproduction (except for the abdomen chapter) is 
adequate to convey the point. 

In Chapter 4, Dr. Goodman carefully mentions the 
limitations of the portable radiograph in diagnosing 
the various cardiopulmonary disorders: this could have 
received even greater emphasis. In our experience, the 
majority of errors by the ICU novice are those of 
overinterpretation. An ideal chapter would have been 
one discussing these limitations together with the 
physical principles peculiar to the ICU which cause 
them: large focal spot, small focus-film distance, 
limited portable generators with long exposures, 
portable grids, and patient positioning problems. 
Such a practical discussion of the relevant physics 
would be much more appropriate for this book and its 
audience than is the imaging theory presented in 
Chapter 10. 

Overall, the editors are to be congratulated on pro- 
ducing an excellent textbook on a topic not previously 
adequately covered. Interpretation of the intensive care 
radiograph is an area of expertise which lies between 
medical specialties. It requires either a primary care 
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physician with considerable knowledge of radiology or 
a radiologist with considerable knowledge of intensive 
care. Because of this, we recommend this book equally 
highly to surgeons, anesthesiologists, internists, radi- 
ologists, or anyone else interested in the imaging of 
the critically ill patient. 

CHARLES J. SAvoca, M.D. 

ALEXANDER R. MARGULIS, M.D. 


Cancer Management. Walter Lawrence, Jr., M.D. and 
Jose J. Terz, M.D. (eds.). 566 pp. New York. Grune 
and Stratton, Inc. 1977. 


THIS VOLUME is the synthesis of several years of study 
on the management of patients with cancer by the two 
authors (editors) in collaboration with ten contributors 
from various specialty disciplines. The intent is to aid, 
by general guidelines, the physician who is in need 
of aid in the treatment of a cancer patient. Solid tumors 
are discussed. 

A general overview of cancer and the modalities of 
chemotherapy, immunotherapy, and radiation therapy 
are covered in the first four chapters. 

A considerable effort is placed on the management 
of head and neck cancers, breast cancer, gastro- 
intestinal cancer, skin cancer, melanoma and sarcoma; 
these are the fields of expertise of the two author- 
editors. Specialty areas, particularly the lung and 
mediastinum, genitourinary cancer, gynecologic can- 
cer, pediatric solid tumors, and endocrine tumors are 
well discussed. A great deal of reading and review 
has gone into the preparation of the essays, and the 
references are, in general, well selected. A few para- 
graphs could benefit in the next edition by an editorial 
review for preciseness of meaning and presentation, 
but this is a minor distraction. The illustrations, and 
in particular the sketches, are good, whether original 
or selected. 

This book is a guide for the student of neoplastic 
diseases, and the physician with a problem would find 
guidance and an admirable sense of direction in the 
common-sense management of most solid tumors. 

ROBERT C. Hickey, M.D. 


Epidural Analgesia. Philip R. Bromage. 746 pp. Phila- 
delphia, W. B. Saunders Company. 1978. $31.00. 


EPIDURAL ANALGESIA is the definitive book on this 
subject written by the world’s leading authority on this 
method of pain relief. Twenty-three years ago, as a 
medical student at Cambridge, I remember reading 
the earlier version of this book written from Chichester. 
The earlier version described Dr. Bromage's experi- 
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ences working with the late David Langhorne and this 
present work is dedicated to ‘‘this friend and surgeon, 
who loved life yet met death with a smile." 

Throughout the book Dr. Bromage shows a mastery 
of both clinical work and laboratory research on 
epidural analgesia. References are extensive and well 
chosen and full coverage is given to the pioneering 
South American work of Jose Usubiaga's, whose 
tragically early death in 1970 was such a blow. 

Dr. Bromage states that he has had six wet-taps in his 
last 3,000 cases. If successful epidural puncture cannot 
be assured in more than 95% of cases, continues 
Dr. Bromage, the method is probably not worth re- 
taining for everyday clinical use. Physicians who are 
unable to maintain this level of success are best advised 
to avoid the method in the interests of their patients and 
surgical colleagues. ** A failed epidural is a disappoint- 
ment to the patient and a source of wasted time and 
irritation to the surgeon and the operating team who are 
kept waiting unnecessarily for the case to begin." 

On page 251, Dr. Bromage discusses intraoperative 
voluntary calf compression by the patient as an alterna- 
tive to minidose heparin prophylaxis against deep vein 
thrombosis. No formal assessment with Isotope scan- 
ning has yet been completed. The assessment will be 
interesting because minidose heparin is a contra- 
indication to epidural analgesia. 

The section on obstetrics is strong. Evidence is pre- 
sented that the outcome of childbirth for both mother 
and fetus is probably better after well-managed epidural 
analgesia than with natural childbirth. 

Dr. Bromage writes well. All anesthesiologists and 
many obstetricians should read this book. If I were to 
have surgery below my umbilicus I would want epidural 
analgesia and I would try to make certain my anesthesi- 
ologist had read this book. If necessary I would give 
him or her a copy. 

JOHN HEDLEY-WnuHvrTE, M.D. 


Management of Primary Bone and Soft Tissue Tumors. 
Proceedings of the 21st Annual Clinical Conference on 
Cancer, M. D. Anderson Hospital, Houston. 474 pp. 
Chicago, Year Book Medical Publishers. 1977. $37.95. 


THIS BOOK PRESENTS thirty-five previously unpub- 
lished papers delivered at the 21st Annual Clinical 
Conference on Cancer at the M. D. Anderson Hospital. 
The authors are recognized authorities in the fields of 
pathology, surgery, chemotherapy, radiology and basic 
cancer research. Six papers are primarily devoted to 
histologic considerations of skeletal and soft tissue 
sarcomas including the diagnostic role of electron 
microscopy. Three articles discuss the use of diagnos- 
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tic radiographic and radionuclide imaging techniques 
in preoperative evaluation, two present current clinical 
staging systems and their relationship to interpretation 
of treatment results, and three articles are concerned 
with the biologic behavior of specific tumors. The 
remaining topics all relate to various treatment modali- 
ties. The surgical approach to these neoplasms in- 
cluding biopsy technique, en bloc excision, compart- 
mental resection and amputation is discussed. A timely 
review of the role of pulmonary resection of metastatic 
lesions is also presented. The theory and results of 
various chemotherapy regimens are reviewed and up- 
dated. The historical and current role of radiation 
therapy and immunotherapy are also evaluated. 

The book is well balanced, covering all of the areas 
relating to the diagnosis and management of sarcomas 
and emphasizing the need for a multidisciplinary 
approach. Many of the articles are primarily a review 
of the topic and lack depth by virtue of being primarily 
a presentation rather than a written effort; however, 
all are well referenced and provide an excellent current 
bibliography. The illustrations are generally good, 
though histologic sections suffer the usual loss in black 
and white printing. For the practicing oncologist or 
the student, this book presents a summary of current 
thought in the field. For the surgeon not engaged regu- 
larly in the treatment of sarcomas, this book is equally 
worthwhile, outlining many of the basic principles 
of surgical management. 

JoHN M. HARRELSON, M.D. 


Advances in Cardiopulmonary Resuscitation. Peter 
Safer (ed.). 302 pp. New York, Springer-Verlag. 1977. 


IN OCTOBER OF 1975, 24 of the initiators of Modern 
Cardiopulmonary Resuscitation met to discuss the 
recent advances in and the potential future of emer- 
gency resuscitation. This Wolfcreek Conference on 
cardiopulmonary resuscitation was based on 37 papers, 
and these along with the edited discussion of the papers 
with additions have been published in this 44 chapter, 
300-page volume. Beginning with the pre-arrest period 
the pathophysiology of the cardiac arrest cycle is 
reviewed, including physiological predictors of ir- 
reversible cardiac arrest, ventricular dysrhythmias 
and the management of related problems. These chap- 
ters are short and provide little objective data, al- 
though the discussions are comprehensive. The second 
section deals with the practical management of airway 
obstruction and respiratory arrest, including teaching 
techniques of the training of paramedical personnel. 
Some of the material is repetitive and the variety of 
esophageal and other ventilatory devices reviewed in 
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Chapters Eight, Nine and Ten could have been com- 
pressed into a more cohesive single chapter. The third 
section, dealing with circulatory arrest, reviews an 
assortment of topics including hospital arrest statis- 
tics, the role of procordial thumping, the physiology 
of mechanical external compression and ventilation, 
the present place of open chest resuscitation, and the 
role of the technician in management of hypovolemia. 
Section four is more cohesive and more logically 
arranged, reviewing drugs used during cardiac arrest, 
vasoactive and antiarrhythmic drugs, and two experi- 
mental studies of alkalinizing therapy and intrapul- 
monary drug administration. Section five is devoted to 
electrocardiography during arrest, external cardiac 
stimulation, defibrillation electrophysiology and esoph- 
ageal electrocardiography. Section six, dealing with the 
immediate post resuscitative period, contains valuable 
information of more recent concern dealing with the 
problem of postischemic anoxic brain damage from an 
experimental as well as from a clinical standpoint. 
Useful protocols for cardiopulmonary cerebral resus- 
citation management are provided, including plans for 
clinical trial of thiopentol, intracranial pressure moni- 
toring, and techniques for data handling. Section seven 
deals with resuscitation under special circumstances, 
such as massive hemorrhage, near drowning, and intra- 
uterine fetal resuscitation. In addition, teaching 
goals and legal considerations of resuscitation are 
reviewed. The concluding section is a series of eight 
interesting vignettes on the historical perspective of 
cardio-pulmonary resuscitation with first hand reports 
by some of the pioneers who were involved in the first 
successful clinical experiences. Although some of the 
sections of the book are disjointed, as might be ex- 
pected from multiple contributors, and many of the 
chapters are rather brief and superficial, the book is 
unique in its review of current problems and success- 
ful approaches to cardiopulmonary resuscitation. The 
discussions also provide a critical assessment of those 
areas which remain inadequately understood and which 
will probably stimulate future meetings. The style is 
easy to read and the book should be a valuable refer- 
ence for both medical and paramedical personnel in- 
terested in this important problem. 

LAZAR J. GREENFIELD, M.D. 


Bone Tumors: General Aspects and Data on 6,221 Cases. 
David C. Dahlin, M.D. 445 pp. Springfield, Charles C 
Thomas. 1978. 


IN THE SAME SCHOLARLY and systematic manner that 
characterized the first two editions of this book, 
Dr. Dahlin continues to catalog his observations as a 


217 


pathologist and the clinical experience of the Mayo 
Clinic over the past three decades in the diagnosis and 
treatment of skeletal neoplasms. With the addition of 
over two thousand cases to the original data base, and 
follow-up information on 97 to 100 percent o: all cases, 
this volume represents the most complete single body 
of information on bone tumors to date. In addition to 
enlarging the text and number of illustrations in prior 
chapters of the book, new entities include observations 
on malignant fibrous histiocytoma of bone, the newly 
described telangiectatic osteosarcoma of bone. and a 
section on odontogenic tumors. 

This text is of interest to pathologists, raciologists, 
and orthopaedic surgeons, emphasizing throughout the 
necessity for accurate clinical information and appro- 
priate radiographic examination in additioa to his- 
tologic study in the diagnosis and treatment cf skeletal 
neoplasia. The illustrations are exceptionally good with 
equal attention given to histologic detail, radiographic 
appearance, and gross pathology. Where appropriate, 
special techniques in the study of bone tumors are 
discussed. A special section on ‘‘tumor-like’’ condi- 
tions of bone (including metastatic disease, fibrous 
dysplasia, osteomyelitis, Paget's disease, and hyper- 
parathyroidism) completes the volume. 

Dr. Dahlin accomplishes his primary purpose in de- 
scribing the gross pathology, histologic appearance, 
radiographic features and biologic behavior cf benign 
and malignant skeletal neoplasms. The sections on 
treatment and prognosis are intentionally short, but 
each chapter is well referenced regarding treatment 
modalities. This volume, a classic in its field, will be an 
indispensable reference for all those involved in the 
diagnosis and treatment of skeletal neoplasia. 

JOHN HARRLESON, M.D. 


Neonatal Surgery (Second Edition). P. P. R ckham. 
James Lister and Irene M. Irving. 621 pp. Boston, 
Butterworths, 1978. $99.95. 


THE AUTHORS have provided an extensive updated 
compendium of their clinical experience in the surgical 
management of newborns as compiled from the 
Neonatal Surgical Center at the Alder Hey Children’s 
Hospital in Liverpool, and the University Children’s 
Hospital in Zurich. This second edition of the volume, 
published nine years later, adds a vast number cf cases 
to the more than 3500 newborn infants with surgical 
lesions who served as the basis for review in the very 
popular first edition. In addition to up-dating each of the 
chapters concerned with specific congenital mal- 
formations, the authors have included an extensive 
new section on congenital heart disease. The sections 
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on urological and gastrointestinal malformations are 
particularly well covered. Because of the authors 
particular interest in spina befida, an excellent dis- 
cussion of this subject is included. Each chapter is 
presented with a solid foundation of the embryologic 
and physiologic principles of the specific anomaly, 
more so than in most other surgical texts on the subject. 
A comprehensive discussion regarding neonatal physi- 
ology and the organization and specialized techniques 
used in a Neonatal Surgical Intensive Care Unit is 
provided. The authors present an extensive review of 
the current concepts in the management of almost all 
newborn surgical conditions, although orthopedic and 
certain cutaneous defects, e.g., hemangiomas, are 
omitted. The chapters cover each subject in moderate 
depth with a fine collection of illustrations and clinical 
examples. The volume has a large number of current 
references for each chapter. This text should serve as 
an up to date reference for all those who are concerned 
with the surgical management of the newborn. 

ERIC W. FONKALSRUD, M.D. 


The Practice of Coronary Artery Bypass Surgery. 
Donald W. Miller, Jr. 237 pp. New York, Plenum 
Medical Publishers. 1977. 


IN THE CONTROVERSIAL AREA Of coronary revas- 
cularization, this brief monograph gives a refreshingly 
honest evaluation of the strengths and weaknesses of 
coronary arteriography and bypass surgery. The sec- 
tions on peroperative evaluation with noninvasive and 
invasive techniques are particularly valuable. The 
heart's physiological response to exercise in the set- 
ting of treadmill testing is beautifully detailed, and 
the increasing sophistication in the current use of 
Thallium and technitium scans to outline areas of 
myocardial infarction, areas of mature scar, and 
ischemic areas of myocardium whose new blood supply 
following revascularization can be demonstrated by 
perfusion scans, is particularly appropriate and well 
illustrated. The expected improvements in surgical 
morbidity and mortality over the last ten years are 
clearly outlined, and the author points out the inherent 
weaknesses of comparing noncontemporary series of 
nonrandomized patients from different institutions. 
The current practice among surgeons of comparing 
their present operative results with the survival of 
patients angiogrammed a decade ago at a different institu- 
tion is obviously unscientific; however, the restoration 
of postoperative surgical patients to an attrition rate 
approaching age-matched normal population is ob- 
viously a beneficial effect of surgical intervention. 

From the author's survey of 400 practicing cardiac 
surgeons in the United States, he is able to divulge 


fm 


Vol. 191 e No. 4 


some interesting statistics: for example, 30% of 
surgeons will do an endarterectomy of the distal 
right coronary artery under certain circumstances, 
and he speaks with justified confidence in outlining 
the current trends in modern revascularization 
techniques. 

The main educational thrust of this text is not for the 
practicing cardiac surgeon; rather, it is writtten for 
fellows in Cardiology, residents in Surgery, or for the 
practicing clinician who wants a better understanding 
of the concepts of coronary revascularization. The 
book suffers a little from the rather simplistic line 
drawings and the absence of good quality black and 
white photography; however, the 231 page monograph 
is extensively referenced, and it is a practical and 
educational book for the non-surgeon, and for the sur- 
geon it is replete with valuable references. 

IVAN K. CrosBy, F.R.C.S., F.A.C.S. 


Principles of Surgical Oncology. Ronald W. Raven (ed.). 
509 pp. New York, Plenum Medical Book Company. 
1977. 


THE PRESENT BOOK is an attempt to provide principles 
for education and direction for the clinically-prac- 
ticing surgical oncologist. As with any multi-authored 
volume, the task is covered with varying success. 
There is little to identify the text as directed at, or 
toward surgeons, other than the title. Several of the 
chapters are superficial in the extreme and add little. 
Given that the title is somewhat misleading, there are 
some well-indexed chapters on carcinogenesis, endo- 
crinology and the biochemistry and immunology of 
tumors, which provide brief reviews for the would-be 
oncologist, medical student, resident, or practicing 
physician with oncological interests. 

As the surgeon becomes more and more involved 
in multi-discipline therapy for the patient with cancer, 
he has the unique opportunity to become the leader 
in a team approach to cancer therapy because of his 
initial role in consultation, diagnosis, and, usually, 
initiation of therapy. This responsibility is currently 
too often abnegated and the patient often disappears 
into a morass of therapy by committee, much to the 
patient's consternation and sometimes to his detriment. 
To aid the surgeon in this task a more targeted review 
of justification for and results of adjuvant therapy might 
have been more help to the practicing surgical oncolo- 
gist. Some of the frustrations and failures of many 
therapeutic trials might have helped provide some 
balance for the surgeon, and help him avoid the feeling 
that he had missed some major therapeutic advance. 
No mention is made of complications requiring surgery 
that arise from aggressive multimodality therapy. 


BOOK REVIEWS 


513 


Overall, the book is well-printed and laid out, and 
does contain information pertinent to the under- 
standing of oncology as a discipline. There seems, 
however, very little effort to direct this specifically 
for the practicing surgeon, which makes the title 
somewhat misleading. To those beginning to be in- 
volved in oncology, at whatever level, this text pro- 
vides a useful starting point. For the practicing surgical 
oncologist in an academic institution there are a few 
selected chapters that will be helpful. 

MURRAY F. BRENNAN, M.D. 


Diagnostic Bronchoscopy (Third Edition). Peter Strad- 
ling. 148 pp. New York, Churchill Livingston. 1977. 
$35.00. 


THIS IS A BEAUTIFULLY DONE monograph. It ac- 
complishes very well its goals —to review and educate 
the student who is learning bronchoscopy and to offer 
the bronchoscopist an atlas for familiarizing himself 
with the pathology he will be encountering. The author 
clearly emphasizes that bronchoscopy is learned by ex- 
perience and the monograph is to serve as an intro- 
duction to a normal and pathologic anatomy. Particu- 
larly good are the chapters *'Indications for Bronchos- 
copy’ and ''Bronchofibreoscopy.'' The author's vast 
experience is clearly evident by the number of color 
plates used to illustrate the normal and pathologic 
anatomy of the tracheobronchial tree. These are beau- 
tifully reproduced and literally every conceivable 
condition one might encounter is represented. 

This excellent monograph would be a valuable ad- 
dition to the library of any physician who does bronchos- 
copy, as well as residents in surgical and pulmonary 
medicine training programs. 

WALTER G. WOLFE, M.D. 


Clinical Oncology. John Horton and George J. Hill, II. 
819 pp. Philadelphia, W. B. Saunders Company. 1977. 
$30.00. 


THIS INFORMATIVE VOLUME, compiled for house of- 
ficers and students, should also serve as a useful refer- 
ence source in oncology for the primary physician. The 
approach is direct and factual, and the style is re- 
freshingly concise and tight. Topics frequently remote 
to surgeons, as carcinogenesis, tumor cell biology, 
chemotherapy, and radiology are presented in emi- 
nently readable and informative chapters. Aspects 
of the emotional as well as the clinical management 
of the cancer patient are aptly presented, and malig- 
nancies in each of the major anatomic areas of the 
body are discussed in detail. The chapters on gastro- 
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intestinal cancer and the remote effects of cancer on 
the host are particularly thorough. 

It is regrettable that some of the most current in- 
novations in surgical oncology, such as combined 
modality treatment for limb salvage in the treatment 
of sarcomas, and adjuvant therapy following surgery 
for solid tumors do not receive more emphasis. How- 
ever, this is otherwise a very compact, practical, 
useful, nicely written compendium of clinical on- 
cology. House staff in particular will find this a most 
valuable acquisition. 

KENNETH P. RAMMING, M.D. 


The Total Care of Spinal Cord Injuries. D. S. Pierce, 
and V. H. Nickel (ed.). Boston, Little, Brown & Co., 
1977. 


THIS VOLUME was designed to fill a void in the manage- 
ment of the spinal cord-injured patient. Each of the 
contributors is an expert and draws from a wealth of 
experience, so that the major aspects of spinal cord 
injury are covered. Included in the volume are chapters 
dealing with acute and chronic treatment, surgical 
approaches to the spine and hand, urologic aspects 
including sexual function, pressure sores, physical 
and occupational therapy, nursing and psychological 
care and vocational rehabilitation. 

As with all multi-authored volumes, the contributed 
chapters vary in terms of clarity and content. The type, 
figures and reproductions are of good quality; however, 
many chapters contain few, if any, citations after 1970. 
This, and the lack of neurosurgical input, are the most 
notable drawbacks of the volume. For example, the 
discussion dealing with the management of spasticity 
omits the newer medical and surgical therapies that 
have been employed in many centers within the past 
few years. 

While this volume can be recommended to all in- 
dividuals who participate in the care of the spinal 
cord-injured patient, readers will recognize that ex- 
ceptions to certain aspects of management will arise. 
This is not unexpected nor unwelcomed in a field which 
is rapidly evolving, especially within the past ten 
years. 

WESLEY A. Coox, JR., M.D. 


Reconstructive Plastic Surgery (Second Edition). J. M. 
Converse (ed.). 4000 pp. Philadelphia, W. B. Saunders 
Company. 1977. $250.00. 


THE SECOND EDITION of this mammoth work is the 
standard textbook in plastic and reconstructive surgery 
today. The number of contributing authors has been 
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increased from 74 to 128. These authors are well known 
authorities in plastic surgery and allied fields and 
specialties, enhancing the material in this seven 
volume, 4,000 page edition which is almost twice the 
size of the previous five volume edition. The seven 
volumes are sensibly divided into the general prin- 
ciples of plastic surgery, tissue transplantation, and 
wound healing, with new chapters added dealing with 
wound healing, microvascular surgery and anesthesi- 
ology. An enlarged and an entirely rewritten volume 
dealing with the cleft lip, palate and craniofacial pa- 
tient and related subjects is well organized and written. 
Another volume deals with the deformities of the 
maxilla and mandible separately as well as associated 
deformites of the lips, cheeks, facial burns, auricles, 
facial palsy and the aesthetic problems of the aging 
face. The subject and scope of head and neck surgery, 
jaw tumors, parotid tumors and tumors of the skin and 
craniofacial area are placed in an entirely new volume. 
An entire volume is also devoted to the hand and upper 
extemity, and this has produced an exceptionally fine 
volume with updating of this material including re- 
plantation surgery. The final volume has a nice dis- 
cussion of the genitourinary system and the surgical 
management of the problems in this area. The reviewer 
considers this book to be a necessary addition to every- 
one seriously involved in the field of plastic, maxil- 
lofacial and reconstructive surgery. The printing is on 
excellent paper with readable print. There are ex- 
ceptionally fine references and additions to each of the 
chapters which makes these seven volumes the most 
complete text in this field to date. 

NICHOLAS G. GEORGIADE, M.D. 


Peripheral Metabolism and Action of Thyroid Hormones. 
D. B. Ramsden. 210 pp. Quebec, Eden Press. 1977. 
$20.00. 


NINETY PER CENT of the world's medical scientists 
are allegedly alive and working today. We are ill-pre- 
pared for the explosion of scientific information that has 
resulted. Abstracting services, compilations of titles of 
current articles, recordings of symposia and post- 
graduate courses, and many other devices are all avail- 
able to subscribers who can use them to learn rela- 
tively less and less about advances in fields with 
which they would like to continue to feel conversant. 

One more such attempt is embodied in the Annual 
Research Reviews, published by the Eden Press, in 
Peripheral Metabolism and Action of Thyroid Hor- 
mones. Titles of English articles pertaining to this 
broad subject have been collated, organized and briefly 
reviewed for the period April, 1975- March, 1976. 
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We are assured that other topics will be similarly 
reviewed. 

In this reviewer's opinion, the approach has little to 
commend it. Professor Ramsden obviously has a fairly 
broad grasp of his subject and occasional discussions 
close to his interest, such as that in Chapter 5, ''In- 
tracellular Binding and Initiation of Endocrine Ac- 
tivity,” reflect his expertness and depth. Many other 
sections do not. In particular, relationships between 
catecholamines and thyroid hormones appear in several 
different locations and could have been discussed 
profitably under one heading devoted to the subject. 

One comes away from the volume grateful for a con- 
venient, early bibliographic listing of well over 1,000 
current articles included in the year being surveyed. 
The description of thyroid function tests at the end of 
the book is also of interest. For the most part, the text 
and discussion elicit no such feeling, however, but 
rather serve to emphasize that scientific insight is not 
a function of the precise year in which an article is 
published. It seems obvious that equal merit cannot be 
suggested for everything published in a given year. 
Development in depth of selected subjects and more 
critical evaluation and judgments concerning con- 
temporary work are likely to add impact and interest 
to further volumes in this series. 

TIMOTHY S. HARRISON, M.D. 


The Treatment of Venous Disorders. John T. Hobbs, 
(ed.). 438 pp. Philadelphia, J. B. Lippincott Company. 
1977. $21.00. 


THE SUBTITLE of this book describes it as providing ‘ʻa 
comprehensive review of current practice in the 
management of varicose veins and the postthrombotic 
syndrome." In the event, the book does both more 
and less than this: more, because the subject matter is 
broader than the title implies; and less, because the 
review is comprehensive in only rather a special sense. 
There are brief but useful accounts of the anatomy, 
epidemiology and heredity of varicose veins, and of 
various methods for investigating the venous system. 
Within outstandingly comprehensive reviews of the 
prevention and management of deep vein thrombosis 
by Nicolaides and his colleagues are also considered 
the attack-rate and natural history of this condition. 
The special sense in which the review of treatment 
is comprehensive resides in its internationalism: by 
way of contributions from Great Britain, the U.S.A., 
Argentina, Norway, Sweden, Denmark, West Germany, 
Switzerland, Russia and South Africa, one is taken ona 
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world tour to discover how experts treat the various 
disorders of veins. The analogy is a close one, for as is 
often the case on such grand tours, the opinions given 
are very personal, very authoritative — but sometimes 
lacking in the sorts of objectively gathered data that 
carry conviction. An outstanding exception to this 
caveat is the comparative study by Hobbs of surgical 
and sclerosant treatment for varicose veins. A special 
bonus gained from the European leg of the tour are the 
descriptions of methods for the cosmetic treatment 
of dilated intracutaneous veins, a subject to which 
little attention is given in many texts. 

For any surgeon who has to do with disorders of 
veins this is a good book to read, for detailed informa- 
tion in some fields, for new ideas in others. 

JOHN LuDBROOK, M.D. 


The Acute Abdomen: an Approach to Diagnosis and 
Management (Second Edition). Botsford and Wilson. 
235 pp. Philadelphia, W. B. Saunders. 1977. 


AS THE AUTHORS point out in the preface to this second 
edition, this book was carefully planned to present an 
organized clinical approach to the care of the patient 
with an acute abdomen. The basic pathologic processes 
are emphasized, then the authors develop the subject 
of lesions which may be causes. This presents a good 
sound approach in a clinical and organized fashion for 
reference to the problems of the patient. 

New methods of study and diagnosis, including angi- 
ography and ultrasound, have been included, and much 
of the original material has been updated. 

Each of the six sections presents a clear discussion of 
the problems involved in diagnosis and management. 
No attempt is made to describe detailed techniques 
of operative procedures. The sections outline: The 
Tools, Abdominal Trauma, Acute Abdominal Inflam- 
matory Disease, Intestinal Obstruction, Hemorrhage 
as a Cause of the Acute Abdomen, and The Post- 
operative Abdomen. 

This is a well written volume with many clear black- 
and-white figures which are easily interpreted and self 
explanatory, doubly valuable in that the book holds the 
reader's attention and also serves as a needed refer- 
ence. The somewhat different organization of the 
material is of much clinical value. 

The Acute Abdomen should be recommended to 
students, house officers, and to physicians in general, 
and it should occupy a prominent place in their 
libraries. 

FELDA HiGHTOWER, M.D. 
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Microcirculation: Blood Vessel Interaction Systems in 
Special Tissues. J. Grayson and W. Zingg (eds.). 420 pp. 
New York, Plenum Press. 1976. $32.00. 


THIS VOLUME REPRESENTS a collection of the papers 
presented in an interdisciplinary symposium on the 
microcirculation held in 1975. The major strengths of 
the monograph include the overview papers which 
bring us up to date concerning our current state of 
knowledge relative to this area of the circulation. It is 
clear that the direction of research in this area is gaining 
momentum because of the combined attention of 
physiologists, engineers, hematologists, and bio- 
chemists, which has been complemented by the critical 
discoveries relative to the anatomy of the micro- 
circulation as revealed by electron microscopy. 

The remainder of the volume consists of brief 
papers which are abstracts covering a wide variety 
of topics ranging from methodology, factors influencing 
red cell interactions, structure, flow patterns. and 
thrombosis. A separate section is devoted to the 
lymphatics, with the remainder devoted to blood flow 
in special tissues. 

Unfortunately, the topics covered in the abstracts 
are so diverse and incomplete that they provide only 
a brief introduction to the field. The volume is best 
described as a glimpse at the field and will be of little 
value to the surgeon unless he or she has a specific 
interest in the problems relating to the microcircu- 
lation. It serves probably best as a look into the future 
and the direction research is taking and the type of 
information that might be forthcoming in this im- 
portant field. 


D. EUGENE STRANDNESS, M.D. 


Blood Transfusion for Clinicians. John Wallace. 351 pp. 
New York, Churchill Livingstone. 1977. $22.50. 


THE FIELD OF BLOOD transfusion therapy has changed 
dramatically over the past fifteen years. What was once 
a largely administrative matter of giving whole blood 
if laboratory compatibility testing seemed to demon- 
strate compatibility, has changed to an active medical 
specialty. The changes have been rapid but subtle, and 
many people in other specialty fields are not aware of 
these changes. Dr. Wallace in his excellent book has 
been one of the first to outline in considerable detail 
the types of changes and their clinical significance. The 
description and treatment of the blood components 
that are now available is extensive and quite useful. 
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The clinical importance of the different blood 
groups, and hemolytic disease of the newborn are 
treated well, and are up to date. The tissue typing- 
HLA section is short, but it is written nicely, and 
permits a person not actively in the field to come 
abreast of recent developments. The hazards of blood 
transfusion and its future are well covered. 

This short, easily readable book represents a first in 
the literature on blood transfusion therapy, and should 
be very helpful to people in other specialties that 
would quickly like to come abreast of the field. 

Relatively few references are cited in the different 
chapters, but the book is not intended as an exhaus- 
tive review of the literature. 

The slant of the book (not unreasonably) is pre- 
sented with the general point of view of blood trans- 
fusion therapy in the United Kingdom. Many of the 
expiration dates and permissible storage temperatures 
for different blood components are at variance with 
those permitted in the United States. Additionally 
there is considerable discussion of pooled, and freeze- 
dried plasma. Use of these was abandoned in the 
United States years ago. These matters are details that 
do not really detract from the general usefulness of this 
excellent book. 

CHARLES E. HuGaiNs, M.D. 


Angina Pectoris. Desmond G. Julian, M.D. (ed.). 
272 pp. New York, Churchill Livingstone. 1977. 
$25.00. 


THIS TIMELY MONOGRAPH, Angina Pectoris, is edited 
by a highly respected authority in the field. Dr. Julian 
has obtained the contributions of a group of scholarly 
cardiologists and cardiovascular surgeons and has 
produced a concise but nevertheless adequately 
detailed summary of the present status of angina 
pectoris. An outstanding section on epidemiology and 
prognosis by Michael Oliver places this important 
subject in sharp perspective. The pathological aspects 
of coronary atherosclerosis and its complications are 
superbly reviewed by Roberts and Spray. The body of 
the text is devoted to the clinical diagnosis of angina 
pectoris as well as the physical and laboratory findings 
which accompany it. There are well illustrated sections 
on coronary arteriography and ventriculography by 
Griffith and Achuff. Finally, medical versus surgical 
management is discussed and presented in a highly 
commendable and useful manner. In summary, this is 
an outstanding monograph which is of much impor- 
tance to all interested in myocardial ischemia due to 
coronary atherosclerosis. 

DAVID C. SABISTON, JR., M.D. 
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The Intestinal Stoma. K. Peter Kretschmer. 128 pp. 
Philadelphia, W. B. Saunders Company. 1978. 


ORIGINALLY PUBLISHED IN GERMAN (Georg Thieme 
Verlag, Stuttgart, 1975), this monograph was translated 
into English as one of the series, Major Problems in 
Clinical Surgery, edited by Paul A. Ebert. The mono- 
graph, with a foreword by Joel W. Baker, is dedicated 
to the author's father ‘‘who shares the fate of all stoma 
patients ' and is written as a resource for ‘‘the majority 
of primary-care physicians and even a good number of 
surgeons" who are "'either ill-prepared or disinter- 
ested” in caring for the patient with an intestinal stoma. 
Forty-three items are listed chronologically in an 
interesting summary of the historical data, followed 
by a four and a half page sparsely documented review of 
the physiology of small and large bowel stomas. The 
general review of the indications for stomas and the 
management of their complications is exhaustive if 
somewhat repetitive. While the primary care physician 
would find the section on operative procedures a ready 
source for clarification of surgical jargon, the general 
surgeon should probably look to standard textbooks 
and operative atlases for guidance. 

Unfortunately, the data upon which patient ac- 
ceptance of stomas is based must be considered 
largely outdated, for they were gathered more than a 
decade ago. Since that time, the emergence of Entero- 
stomal Therapy as a profession, rapid progress in the 
development of newer, more attractive appliances, and 
growing public empathy largely due to the efforts of 
ostomy clubs have done much to increase patient ac- 
ceptance of stomas. Other factors that have enhanced 
patient acceptance, such as Kock's innovative con- 
tinent ileal pouch ileostomy, are not fully discussed. 
How does the continent ileostomy compare with the 
standard ileostomy? What is the best way to treat the 
perineal wound after proctectomy? The reader 
searches in vain for direction regarding these questions 
that patients are asking in ever increasing numbers. 

Kretschmer's unique contribution is that he has put 
in writing some psychosocial aspects of ostomy care 
that are not part of most classroom discussions. 
This monograph will therefore be found a good general 
introduction to total care of the ostomy patient for 
nurses, enterostomal therapists and physicians. On this 
side of the Atlantic, most general surgeons and experi- 
enced practitioners, if they are like the present re- 
viewer, are likely to laud the author's patient-oriented 
approach to ostomy care and recommend this volume 
to trainees under their charge. But the surgeon will be 
less likely to purchase this volume as a reference 
work. 

ONYE AKWARI, M.D. 
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Renal Calculus. Leslie N. Pyrah. 370 pp. New York, 
Springer-Verlag. 1978. $49.80. 


PROFESSOR LESLIE PYRAH, Emeritus Professor and 
Chairman of Urology at the University of Leeds, is one 
of the outstanding figures in British and world urology. 
His experience with urinary calculus disease has been 
monumental, and much original investigation of basic 
problems of stone disease has emanated from the 
Leeds unit. In addition, Professor Pyrah is recog- 
nized as an authority in the realm of surgery of urinary 
lithiasis. 

This volume represents a concise overview of basic 
information and understanding of urinary calculi at this 
point in time, a statement of the ''state of the art." 
Of particular interest are the sections dealing with 
epidemiology of urolithiasis and the renal and ex- 
trarenal diseases which are associated with the forma- 
tion of stones. Theories of stone formation are con- 
cisely defined. Specific disease entities predisposing 
to stone, along with the physiologic mechanisms in- 
volved, are dealt with appropriately. 

As one would expect, the viewpoint expressed is that 
of the European surgeon, and emphasis is placed upon 
stone disease as it presents in Great Britain and the 
European countries primarily. Less than one page of 
text is devoted to stone disease in the United States 
with only one paragraph devoted to the *'stonebelt"' 
of the southeastern portion of this country. This is of 
some importance, since the composition of urinary 
calculi in this part of the world is somewhat different 
from that of stones in Europe, occasioning some vari- 
ations in surgical approach. 

Little attention is given to nephrolithotomy, particu- 
larly the anatrophic nephrolithotomy as introduced by 
William H. Boyce, certainly the major contribution 
to the surgery of urinary stones during the past 40 
years. The Boyce operation is not referenced directly. 
However, it should be added that the extended nephro- 
lithotomy with intrarenal reconstruction is not prac- 
ticed outside the United States and, indeed, there are 
only a few major centers with interest in calculus 
disease here in this country. 

A major strength of this volume lies in its or- 
ganization and format, presenting the spectrum of stone 
disease in logical fashion with extensive references, 
particularly relative to etiologic factor, medical man- 
agement, and conservative treatment. The book is 
beautifully produced and the illustrations are of high 
quality, though one might have wished for further 
drawings, particularly to elaborate the various surgical 
techniques which are described. 

The volume is of particular interest to the urologist 
investigating stone disease, the nephrologist, and — 
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indeed— any student with an interest in calculus 
disease. 
JAMES F. GLENN, M.D. 


Pediatric Surgery (Third Edition). Ravitch, Welch, 


Benson, et al. 1622 pp. Chicago, Year Book Medical 
Publishers. 1978. 


THE THIRD EDITION of this major text and reference 
work in the field of pediatric surgery has been much 
anticipated and is long overdue. In the nine years since 
the previous edition, pediatric surgery has reached 
maturity as a specialty and many important techniques 
and procedures have been introduced. Necrotizing 
enterocolitis, not even recognized as an entity in the 
index of the earlier edition, has become a major concern 
for the pediatric surgeon. The whole field of airway 
management with the new telescopic endoscopes has 
bloomed, and gastroesophageal reflux has been recog- 
nized as the cause of many developmental and respira- 
tory disorders in infancy. Each of these subjects is 
competently discussed in this totally rewritten work. 
The preface lists many of the changes: two new editors, 
Drs. Aberdeen and Randolph, 106 new authors among 
the 152 contributors, and 31 new chapters. 

The two volume format is better organized with 
related subjects limited to one volume or the other. 


Ann. Surg. e April 1980 


An entire major section now deals with trauma, and the 
coverage of this subject is expanded and up to date. 
An added bonus in this section are two chapters 
dealing with snake bites and spider bites, both factual 
and informative. The General Section, which initiates 
Volume I, has been entirely rewritten and an out- 
standing group of knowledgeable authors present in 
great detail the care of the infant and child. Particu- 
larly well done are the "'Anesthesia and Intensive 
Care" chapter by Downes and Raphaely, and the 
chapter, ''Preoperative and Postoperative Manage- 
ment" by Rowe. Together, they provide a short 
course in neonatal physiology ranging from pul- 
monary function to immunology and bring pediatric 
surgical thinking into the modern era of shock and 
fluid management considerations. 

The format continues to be one in which subjects are 
broken up into major subsections, each an individually 
authored chapter with a complete discussion. This is 
especially effective in the extensive urologic section. 

With this major revision, this text is once again 
established as the major reference work in the field. 
Its usefulness extends to all surgeons who deal with the 
pediatric patient as well as students and primary care 
physicians who will find it an excellent reference 
source. Unfortunately its cost may prevent it from 
having the wide dispersal of its predecessor. 

HOWARD C. FILSTON, M.D. 
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the problem. 


Apprehension and reaction to 
pain make up the other very 
important half. And Synalgos-DC 
is the analgesic that treats both 
halves of the pain problem: 
Promethazine helps relieve ap- 
prehension and reaction to pain, 
while the analgesic components 
help relieve moderate to mod- 
erately severe pain? 

Synalgos-DC contains dihydro- 


half 


“INDICATIONS: Based on a review of this 
drug by the National Academy of Sci- 
ences— Natiorial Research Council and/or 
other information, FDA has classified the 
indications as follows: "Possibly" effective 
for the relief of moderate to moderately 
severe pain in those. situations where the 
physician wishes to add a mild sedative 
effect. Final classification of the less- 
than-effective indications requires further 
investigation. 


CONTRAINDICATIONS: Hypersensitivity to dihy 
drocodeine, promethazine, aspirin, phenacetin. 
WARNINGS: Salicylates should be used with 
extreme caution in the presence of peptic 
ulcer or coagulation abnormalities. 

Drug Dependence: Dihydrocodeine can pro- 
duce drug dependence of the codeine type 
and therefore has the potential of being 
abused. Psychic dependence, physical depen- 
dence and tolerance may develop upon 
repeated administration of dihydrocodeine, 
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codeine, a semisynthetic 
narcotic analgesic related to 
codeine, with multiple actions 
qualitatively similar to codeine. 
(i status permits telephone 
prescriptions and authorized 
refills up to 5 times in 6 months 
(unless restricted by state law). 
Dual-action Synalgos-DC 

takes pain off the mind and 

the mind off pain. 


Drocode (dihydrocodeine) bitartrate, 16.0 mg (Warning: May 
| be habit-forming); promethazine hydrochloride, 6.25 mg; 
aspirin, 194.4 mg; phenacetin, 162.0 mg; caffeine, 30.0 mg. 


and it should be prescribed and administered 
with the same degree of caution appropriate 
to the use of other oral narcotic-containing 
medications. Like other narcotic-containing 
medications, dihydrocodeine is subject to the 
provisions of the Federal Controlled Sub 
stances Act. Usage in Ambulatory Patients: 
Dihydrocodeine and promethazine may impair 
the mental and/or physical abilities required 
for the performance of potentially hazardous 
tasks such as driving a car or operating 
machinery. The patient using Synalgos-DC 
should be cautioned accordingly. Interactions 
with other Central Nervous System Depres- 
sants: Patients receiving other narcotic anal- 
gesics, general anesthetics, other phe- 
nothiazines, tranquilizers, sedative-hypnotics 
or other CNS depressants (including alco- 
hol) concomitantly with Synalgos-DC may 
exhibit an additive CNS depression. When 
such combined therapy is contemplated, the 
dose of one or both agents should be reduced. 
Patients who have demonstrated a hypersen- 


sitivity reaction (e.g. blood dyscrasia, jaun 
dice) with a phenothiazine should not be 
reexposed to any phenothiazine, including 
Synalgos-DC, unless in the judgment of the 
physician the potential benefits of the treat- 
ment outweigh the possible hazards. Usage in 
Pregnancy: Reproduction studies have not 
been performed in animals. There is no ade- 
quate information on whether this drug may 
affect fertility in human males and females or 
has a teratogenic potential or other adverse 
effect on the fetus. Usage in Children: Since 
there is no experience in children who have 
received this drug, safety and efficacy in chil- 
dren have not been establishec. 

PRECAUTIONS: Phenacetin has been reported 
to damage kidneys when taken in large 
amounts for a long time. Promethazine should 
be administered cautiously to patients with 
cardiovascular or liver disease. Synalgos-DC 
should be given with caution to certain patients 
such as the elderly or debilitated, and those 
with hypothyroidism, Addison's disease and 


prostatic hypertrophy and urethral stricture. 
ADVERSE REACTIONS: The most frequently 
observed reactions include lightheadedness, 
dizziness, drowsiness, sedation, nausea, vomit- 
ing, constipation, pruritus, skin reactions, and 
rarely, hypotension. 

DOSAGE AND ADMINISTRATION: Dosage 
should be adjusted according to the severity of 
the pain and the response of the patient. Syn- 
algos-DC is given orally. The usual adult dose 
is 2 capsules every 4 hours as needed for pain. 
DRUG INTERACTIONS: The CNS depressant 
effects of Synalgos-DC may be additive with 
that of other CNS depressants. See Warnings. 
Aspirin may enhance the effects of anticoagu- 
lants and inhibit the uricosuric effects of uri- 
cosuric agents. 

Consult direction circular before prescribing. 


IVES LABORATORIES INC. 


New York, NY 10017 
Dedicated to improving the 
quality of life, through Medicine” 
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Extended in vitro activity* 
against gram-negative 
organisms': Escherichia 
coli, Klebsiella pneumoniae, 
Proteus mirabilis, P. rettgeri, 
P. morganii, P. vulgaris,' 
Enterobacter,t and 
Haemophilus influenzae.*? 


Among newer cephalosporins, 
only Mandol has in vitro 
activity* against H. influenzae 
comparable to that of 
chloramphenicol and superior 
to that of ampicillin.? 


Il: MANDOL - 


Cefamandole Nafate 


1 g (equivalent to cefamandole activity) in 10 and 100-ml-size vials. 


*In vitro activity is not necessarily indicative of clinical 
effectiveness. 


Demonstrated increased 

in vitro activity* against 
Enterobacter’ as compared 
with other cephalosporins4 


tPseudomonas. Acinetobacter calcoaceticus (formerly 
Mima and Herellea species), most Serratia, enterococci 
(e.g.. S. faecalis), and some strains of P vulgaris are 
resistant in in vitro tests. Initially susceptible strains of 
Enterobacter may occasionally become resistant during 
therapy. 


In vitro activity* against 
gram-positive organisms, 


including Staphylococcus 


tMost strains of Bacteroides fragilis are resistant in vitro: 
however. infections caused by susceptible strains have 
been treated successfully. 


§ Tissue analysis gives primarily qualitative rather than 


aureus, S. epidermidis, 
beta-hemolytic and other 
streptococci,’ and 
Streptococcus pneumoniae. 


Mandol provides in vitro 
activity* against anaerobes.* 


Achieves therapeutic levels 
in pleural and joint fluids, in 
bile and bone.s 


May be.administered both 
I.M. and I. V. 
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See reverse side for summary of prescribing information. 


meaningful quantitative data as to the presence or 
absence of an antibiotic in a particular body fluid or 
tissue. Therapeutic efficacy cannot be predicted by the 
‘level attained in a specific body fluid or tissue. 


Note: Mandol should be given cautiously to 
penicillin-sensitive patients and is contraindicated in 
patients with known allergy to cephalosporins. 


References: 

1. Antimicrob. Agents Chemother.. 9:452, 1976. 
2. Antimicrob. Agents Chemother., 8:679, 1975. 
3. Antimicrob. Agents Chemother.. 8:91. 1975. 
4. Antimicrob. Agents Chemother.. 9:994, 1976. 
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Cefamandole Nofare 


Brief Summary. Consult the package literature for prescribing information. 


Indications and Usage: Mando! is indicated for the treatment of serious infections caused 
by susceptible strains of the designated microorganisms in the diseases listed below: 

Lower respiratory infections, including pneumonia caused by Streptococcus pneumo- 

niae (Diplococcus pneumoniae), Haemophilus influenzae, Klebsiella species, Staphylo- 
coccus aureus (penicillinase and non-penicillinase-producing), beta-hemolytic 
streptococci, and Proteus mirabilis 

Urinary tract infections caused by Escherichia coli, Proteus species (both indole-negative 

and indole-positive), Enterobacter species, Klebsiella species, group D streptococci 
(Note: Most enterococci, e.g., S. faecalis, are resistant), and S. epidermidis 
Peritonitis caused by E. coli and Enterobacter species 
Septicemia caused by£. coli, S. aureus (penicillinase and non-penicillinase-producing), 
S. pneumoniae, S. pyogenes (group A beta-hemolytic streptococci), H. influenzae, 
and Klebsiella species 

Skin and skin-structure infections caused by S. aureus (penicillinase and non- 

penicillinase-producing), S. pyogenes (group A beta-hemolytic streptococci), H. 
influenzae, E. coli, Enterobacter species, and P. mirabilis 

Bone and joint infections caused by S. aureus (penicillinase and non-penicillinase- 

producing) 

Clinical microbiologic studies in nongonococcal pelvic inflammatory disease in females, 
lower respiratory infections, and skin infections frequently reveal the growth of susceptible 
Strains of both aerobic and anaerobic organisms. Mandol has been used successfully in 
these infections in which several organisms have been isolated. Most strains of Bacteroides 
fragilis are resistant in vitro; however, infections caused by susceptible strains have been 
treated successfully. 

Specimens for bacteriologic cultures should be obtained in order to isolate and identify 
causative organisms and to determine their susceptibilities to cefamandole. Therapy may 
be instituted before results of susceptibility studies are known; however, once these results p R F S E RV E d p RO T F C T 
become available, the antibiotic treatment should be adjusted accordingly. a n 

In certain cases of confirmed or suspected gram-positive or gram-negative sepsis or in 
patients with other serious infections in which the causative organism has not been 
identified, Mandol may be used concomitantly with an aminoglycoside (see Precautions). Y O U R C O p | F S O E 
The recommended doses of both antibiotics may be given, depending on the severity cf the 
infection and the patient's condition. The renal function of the patient should be carefully 
monitored, especially if higher dosages of the antibiotics are to be administered. 


Antibiotic therapy of beta-hemolytic streptococcal infections should continue for at least 
con ANNALS of SURGERY 


Contraindication: Mandol is contraindicated in patients with known allergy to the 
cephalosporin group of antibiotics. 


Warnings: BEFORE THERAPY WITH MANDOL IS INSTITUTED, CAREFUL INQUIRY 





SHOULD BE MADE TO DETERMINE WHETHER THE PATIENT HAS HAD PREVIOUS Now, your journals can become a hand- 
HYPERSENSITIVITY REACTIONS TO CEPHALOSPORINS. PENICILLINS. OR OTHER re . . 
DRUGS. THIS PRODUCT SHOULD BE GIVEN CAUTIOUSLY TO PENICILLIN-SENSITIVE some addition to your professional library. 


PATIENTS. ANTIBIOTICS SHOULD BE ADMINISTERED WITH CAUTION TO ANY PATIENT 
WHO HAS DEMONSTRATED SOME FORM OF ALLERGY, PARTICULARLY TO DRUGS. 


SERIOUS ACUTE HYPERSENSITIVITY REACTIONS MAY REQUIRE EPINEPHRINE AND These file boxes are designed and cus- 
OTHER EMERGENCY MEASURES. H 

In newborn infants, accumulation of other cephalosporin-class antibiotics (with tom-made to keep your copies orderly, 
resulting prolongation of drug half-life) has been reported. readily accessible and clean 


Precautions: Although Mandol rarely produces alteration in kidney function, evaluation of 
renal status is recommended, especially in seriously ill patients receiving maximum doses. 


Prolonged use of Mandol it in th h of tibl isms. .hi ’ 
ad cumarvetinn Gfthe patient ax MIBO. H sekartuhaGion vous QUARO adigi Durable book-binder’s board covered 
p he venationis orted fol ing concomitant administration of aminoglyco with scuff-resistant, washable Leathertex. 
rotoxici as beenr ed Tollowt n | inistra » . " 
site antibiotics and cephalosporins. —— ii Lettering embossed in 23-Karat gold leaf. 


A false-positive reaction for glucose in the urine may occur with Benedict's or Fehling's 
solution or with Clinitest* tablets but not with Tes-Tape* (Glucose Enzymatic Test Strip, 
USP, Lilly). There may be a false-positive test for proteinuria with acid and denaturization- 
precipitation tests. 

As with other broad-spectrum antibiotics, hypoprothrombinemia, with or without 
bleeding, has been reported rarely, but it has been promptly reversed by administration of 
vitamin K. Such episodes usually have occurred in elderly, debilitated, or otherwise 
compromised patients with deficient stores of vitamin K. Treatment of such individuals with 
antibiotics possessing significant gram-negative and/or anaerobic activity is thought to 
alter the number and/or type of intestinal bacterial flora, with consequent reduction in 
synthesis of vitamin K. Prophylactic administration of vitamin K may be indicated in such 
patients, especially when intestinal sterilization and surgical procedures are performed. 

Usage in Pregnancy — Safety of this product for use during pregnancy has not been 
established. 

Usage in Infancy — Mandol has been effectively used in this age group, but all laboratory 
parameters have not been extensively studied in infants between one and six months of age; 
safety of this product has not been established in prematures and infants under one month 
of age. Therefore, if Mandol is administered to infants, the physician should determine 
whether the potential benefits outweigh the possible risks involved. 


Jesse Jones Box Corp. (since 1843) 
Dep't. JBLA—Phila., Pa. 19141 


Gentlemen: Kindly send me: 
Reasonably priced, too. Only $4.95 ea. O 


3 for $14.00 O 6 for $24.00 0 


Add $1.00 postage per file for orders outside the U.S. 


[] Check enclosed (Make check payable to: 
Jesse Jones Box Corp., Box 5120, Phila., Pa. 


Adverse Reactions: Hypersensitivity — Maculopapular rash, urticaria, eosinophilia, and 








drug fever have been reported. These reactions are more likely to occur in patients with a 1 9 1 4 1 ) 
history of allergy, particularly to penicillin. 
Blood — Thrombocytopenia has been reported rarely. Neutropenia has been reported, 
especially in long courses of treatment. Some individuals have developed positive direct Name 
Coombs tests during treatment with the cephalosporin antibiotics. 
Liver — Transient rise in SGOT, SGPT, and alkaline phosphatase levels has been noted. Address 
Kidney — Decreased creatinine clearance has been reported in patients with prior renal 
impairment. As with some other cephalosporins, transitory elevations of BUN have City/State/Zip 





occasionally been observed with Mandol; their frequency increases in patients over 50 
years of age. In some of these cases, there was also a mild increase in serum creatinine. 

Local Reactions—Pain on intramuscular injection is infrequent. Thrombophlebitis 
occurs rarely. [062679] 


Additional information available to the profession on request. 
S, Eli Lilly and Company 
Indianapolis, Indiana 46285 
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Shipped postpaid U.S. only. Satisfaction unconditionally 
guaranteed or your money back. 
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VASCULAR 
LAB PLANS? 


Consider the cost-effective 


VASCULAR, 


e Three areas of diagnosis: Cerebrovascular, Peripheral Arterial, Venous e Three modalities: Bi- 
Directional Doppler, Strain Gauge Plethysmograph, Photoplethysmograph 


ACCURATE 


CEREBROVASCULAR: Doppler and photoplethysmographic assessment of frontal artery 
and/or direct Doppler assessment of carotid arteries detects > 50% stenosis of internal 
carotid artery with up to 95% to 100% accuracy." 


PERIPHERAL VASCULAR: Doppler, photoplethysmographic and strain gauge 
plethysmographic diagnosis of peripheral arterial disease is extremely accurate." 











VENOUS: Doppler, photoplethysmographic and strain gauge plethysmographic detec- 
tion of venous disease is 85-9596 accurate." 


NON-INVASIVE 


All procedures are non-invasive and comfortable for the patient. 


EFFICIENT 
e Maximum diagnostic capability at minimum cost. Less than $7,500 for the 
following components: (1) VERSATONE? Bi-Directional Doppler, Model \ 
D9 (2) VERSATONE Two-Channel Chart Recorder, Model 
R12A (3) Strain Gauge Plethysmograph, Model SPG-16 
(4) PHoToPurse 9 Photoplethysmograph, Models PA13 and 
PH77 e Procedures are accomplished simply and quickly by 
technicians e Compact, modular units may be taken to 
the patient easily when necessary. 


REFERENCES 


For references, reprints, detailed data sheets and other 
information or to set up an appointment for a demonstration, 
call our customer service department using our toll free 
number. 


CALL FREE: 800 227-8076 


IN CALIFORNIA CALL COLLECT (415) 965-3333 
OR JUST WRITE "VASCULAB" ON YOUR 
LETTERHEAD, SIGN YOUR NAME AND MAIL TO... 








P.O. Box M @ 340 Pioneer Way * Mountain View, California 94042 
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Maarent clinically...different 
p'ysically...different chemically 


The first time you try AVITENE® (microfibrillar 
collagen hemostat) you will notice the difference. 
When you put it in contact with a bleeding surface, 
AVITENE adheres tenaciously. It attracts platelets, 
which adhere to its fibrils and undergo the release 
phenomenon which in turn triggers aggregation of 
platelets into thrombi in the interstices of the fibrous 
mass, initiating the formation of a physiologic clot. 


AVITENE interacts directly with the normal hemo- 
static mechanism (even in heparinized patients). This 
physiologic action is unique to AVITENE among all 
topical hemostats. 


«t. 

o 
For general and troublesome 
bleeding whenever a topical 
hemostat is needed 
The versatility of AVITENE makes it the topical 
hemostat of choice for practically any surgical proce- 
dure where there is general or troublesome bleeding. 
Apply AVITENE where there is diffuse or localized 
oozing, in areas inaccessible for suturing, and in pro- 
cedures (such as those involving friable organs or 
vessels) that could be compromised by cautery or the 
use of additional sutures. 


Properly handled, AVITENE is easily applied to the 
bleeding site by dry forceps, by specially prepared 
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Beginning of physiologic clot 
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Hemostatic effect of Avitene as seen with scanning electron microscope. Courtesy JH Kennedy, MD, Baylor College of Medicine, Houston. 


Dramatic results in abdominal o 4l E33, 3 
surgery 


AVITENE has an established reputation based on its macori colagen hemostat) 


spectacular hemostatic results where nothing else 
works; for example, in highly vascular organs such as 
liver and spleen. AVITENE provides hemostasis in a 
matter of minutes in bowel, pancreas and gallbladder 
procedures. With cessation of bleeding, the necessity 
for hepatic lobectomy or splenectomy is obviated, and 
the likelihood of incidental splenectomy is reduced. 


Works fast, saves time, saves blood, 
reduces costs, minimizes risks 


AVITENE usually stops bleeding within minutes... The effective, versatile topical hemostat 
saves OR time...may reduce the need for added trans- 

fusions and the attendant risk of reactions and cross _.czz.. American Critical Care 
contamination...lessens the potential for complications sSees:: (formerly Arnar-Stone Laboratories) 
of prolonged anesthesia...readily absorbed...does not a eee 


American Hospital Supply Corporation 
interfere with the normal healing process. McGaw Park IL 60085 
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AVITENE 


microfibrilar colagen hemostat 


Brief Summary of Prescribing Information 


Description: Avitene"* (microfibrillar collagen hemostat) is an absorb- 
able topical hemostatic agent prepared as a dry, sterile, fibrous, water in- 
soluble partial hydrochloric acid salt of purified bovine corium collagen. 
In its manufacture, swelling of the native collagen fibrils is control'ed 
by ethyl alcohol to permit noncovalent attachment of hydrochloric acid 
to amine groups on the collagen molecule and preservation of the 2s- 
sential morphology of native collagen molecules. Dry heat sterilization 
causes some cross-linking which is evidenced by reduction of hydrating 
properties, and a decrease of molecular weight which implies some 
degradation of collagen molecules. However, the characteristics of colla- 
gen which are essential to its effect on the blood coagulation mechanisms 
are preserved. 


Indications: Avitene is used in surgical procedures as an adjunct to 
hemostasis when control of bleeding by ligature or conventional pro- 
cedures is ineffective or impractical. 


Contraindications: Avitene should not be used in the closure of skin 
incisions as it may interfere with the healing of the skin edges. This is 
due to simple mechanical interposition of dry collagen and not to any 
intrinsic interference with wound healing. By filling porosities of can- 
cellous bone, Avitene may significantly reduce the bond strength of 
methylmethacrylate adhesives. Avitene should not, therefore, be em- 
ployed on bone surfaces to which prosthetic materials are to be attached 
with methylmethacrylate adhesives. 


Warnings: Avitene is inactivated by autoclaving. Ethylene oxide reacts 
with bound hydrochloric acid to form ethylene chlorohydrin. This produet 
should not be resterilized. It is not for injection. Moistening Avitene 
or wetting with saline or thrombin impairs its hemostatic efficacy. t 
should be used dry. Discard any unused portion. As with any foreign 
substance, use in contaminated wounds may enhance infection. 


Precautions: Only that amount of Avitene necessary to produce hemo- 
stasis should be used. After several minutes, excess material should 
be removed; this is usually possible without the reinitiation of active 
bleeding. Failure to remove excess Avitene may result in bowel ad- 
hesions or mechanical pressure sufficient to compromise the ureter. Ir 
otolaryngological surgery, precautions against aspiration should include 
removal of all excess dry material and thorough irrigation of the pharynx 
Avitene contains a low, but detectable, level of intercalated bovine 
serum protein which reacts immunologically as does beef serum albumin 
Increases in anti-BSA titer have been observed following treatment with 
Avitene. About two-thirds of individuals exhibit antibody titers because 
of ingestion of food products of bovine origin. Intradermal skin tests 
have occasionally, shown a weak positive reaction to BSA or Avitene 
but these have not been correlated with IgG titers to BSA. Tests have 
failed to demonstrate clinically significant elicitation of antibodies of 
the IgE class against BSA following Avitene therapy. Care should be 
exercised to avoid spillage on nonbleeding surfaces, particularly in 
abdominal or thoracic viscera. Teratology studies in rats and rabbits 
have revealed no harm to the animal fetus. There are no well-controlled 
studies in pregnant women; therefore, Avitene should be used in preg- 
nant women only when clearly needed. 


Adverse Reactions: The most serious adverse reactions reported which 
may be related to the use of Avitene are potentiation of infection in- 
cluding abscess formation, hematoma, wound dehiscence and media- 
stinitis. Other reported adverse reactions possibly related are adhesion 
formation, allergic reaction, foreign body reaction and subgaleal seroma 
(report of a single case). The use of Avitene in dental extraction sockets 
has been reported to increase the incidence of alveolalgia. Transient 
laryngospasm due to aspiration of dry material has been reported fol- 
lowing use of Avitene in tonsillectomy. 


How Supplied: In 1 gm and 5 gm sterile jars of sterile microfibrillar 
collagen hemostat, all contained in a sealed can. Sterility of the jar 
exterior cannot be guaranteed if can seal is broken. Content of jar is 
sterile until opened. 


*Avitene is a registered trademark of Avicon, Inc., distributed by American 
Critical Care, division of American Hospital Supply Corporation. 


(formerly Arnar-Stone Laboratories) 
Division of l 
American pepita Supply Corporation 
McGaw Park IL 6008 
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What cancer can’t kill: 


HOPE. LOVE. COMPASSION. DIGNITY. 
TENDERNESS. UNDERSTANDING. 


Because now there's a book of sound advice 
for everyone whose loved one has cancer. 


How do you cope with cancer when someone you 
care for is the victim? How can you deal with the 
anger, fear and anxiety? Until now, the answer was 
a vague one. Today, however, there is a book—by 
an expert—that is a straightforward, wise, human 
discussion that can truly help you. It avoids both 
extreme anxiety and passive acceptance, looking 
for a middle way of reacting that may actually 
improve the chances of a cure. 


Doing for yourself—with 
the help of an expert. 


Out of the experience of thousands of patients, 
Dr. Cantor talks about every emotional conse- 
quence of the cancer experience. He discusses such 
vital emotional issues as faith in the physician; fear 
of abandonment; the process of restitution; the 
failure of treatment; how different types of 
marriages and family relationships are likely to 
respond; handling depression, and much more. Just 
about everything you could ever want to know, 
every piece of advice you could ever need, is con- 
tained in And A Time to Live. 

If you need help getting through your experience 
with cancer in someone you love, you need this 
book. It will help you have the kind of hope you 
never thought possible. 


“A fine and useful book, unusual in its scope, 
insight, and compassion.” 
—ALLEN B. WHEELIS, MD., 
author of The Seeker 


"An extraordinarily fine book . . . It is full of 
vitally important information and wise 
counsel for people who have cancer and for all 
who relate to them as professionals, family 
members, or friends." 
—NEVITT SANFORD, author of 
The Authoritarian Personality 


AND A TIME TO LIVE 


Toward Emotional Well-Being During the Crisis of Cancer 
by Dr. Robert Chernin Cantor 
$10.95 


At vour bookstore, or: 


HARPER & ROW, Publishers 
Attn: R. Brengel 

10 East 53rd Street 

New York, N.Y. 10022 


Please send me copies of And A Time to Live @ $10.95 
per copy plus 75¢ for postage and handling. If not satisfied, | 
may return the book(s) within 10 days for a full refund. I enclose 
O check O money order in the amount of $ 

total. (Please add applicable sales tax.) 


Name 
Address 


City State Zip 









New Second Edition! 


HERNI 


Edited by 


Lloyd M. Nyhus, M.D. 
and 


Robert E. Condon, M.D. 





Lippincott 


J. B. LIPPINCOTT COMPANY 
East Washington Square e Phila., Pa. 19105 


In Canada: J. B. Lippincott Company of Canada Ltd. 
75 Horner Avenue, Toronto, Ontario M8Z 4X7 


Please send me: 


Nyhus & Condon: HERNIA 2nd Ed. ........ $59.00 

Name 

Address 

ce Lo ZB 

O Payment enclosed o Charge and bill me 
(Save postage and handling) (Plus postage and handling) 


Also available at your medical bookstore. AS 4/80 
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“The book to end all books on hernia” . . . "Magnifi- 
cent"... "recommended unreservedly” ... “a sum- 
mation of today's best total hernia knowledge” are 
just a small sampling of the international acclaim 
which greeted the publication of the first edition of 
this major work on hernia. Dr. Nyhus has now joined 
with a new co-editor, the noted surgeon Dr. Robert E. 
Condon, to bring this tremendous opus up-to-date in 
a New (2nd) Edition. 


The many additions and revisions to this classic text 
fulfill the editors' goal of bringing together, in one 
definitive volume, all established and innovative 
concepts of hernial etiology, diagnosis, and repair. 
They reflect the current emphasis on specific types of 
hernias and certain therapeutic techniques. For 
example, of special interest in this edition is the 
considerably expanded section on hernias of the 
diaphragm, which represents the only truly compre- 
hensive review of this clinically important condition 
that is presently available. A helpful discussion of the 
Shouldice approach and experience is also included. 


The popular format of the original book has been 
retained, giving the readers the very best, most up-to- 
date information in every area of hernial surgery, 
from world-renowned contributors. The chapters are 
again followed by Special! Comments from invited 
experts, followed by Editorial Comments by the 
editors. 


782 Pages 457 Illustrations 
2nd Edition, 1978 $59.00 
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LOW INCIDENCE 
@F SIDE EFFECTS 


In 27 single or cross-over clinical studies involving 2,038 drug 
evaluations, NUBAIN showed a low level of side effects* Specifically, 
compared to morphine and meperidine, NUBAIN caused a lower 
incidence of vomiting. And, compared to Ta'win® (pentazocine 
lactate), NUBAIN caused fewer psychotomimetic effects. 


BOCUMENTED 
@LINICAL VALUE 


Twenty-seven investigations reported on the benefits of NUBAIN as 

a pre-anesthetic, postoperative or chronic medication in 

a variety of studies involving: W obstetric (during labor) and 
gynecologic patients W general surgical patients W cancer patients 
" cardiac patients W orthopedic patients W gastrointestinal patients 


* The most frequent adverse reaction in 1,066 patients treated with NUBAIN® is sedation (36%). Less 
frequent reactions are: sweaty/clammy (9%), nausea/vomiting ( 6%), cizziness/vertigo (5%), dry 
mouth (4%), and headache (3%). For a list of other adverse reactions which have been observed with 


n oc ence of 1g CE T] rec "Mw BEC | ON ADI a "wee w^ xu 





LOW RESPIRATORY 
DEPRESSANT EFFECT 


At dosages of 10 mg/70 kg, NUBAIN causes respiratory depression 
comparable to that of morphine. In contrast to morphine, higher doses 
of NUBAIN do not increase respiratory depression appreciably 


(see Precautions). 


Compared to morphine 

NUBAIN offers 

Æ analgesia comparable to morphine 
in milligram potency, onset, peak, 
duration 

E lower incidence of vomiting 


@ lower respiratory depressant effect 
at higher doses 


E less potential for abuse 


@ less potential for development of 
tolerance and physical dependence 


Compared to meperidine 

NUBAIN offers 

il analgesia comparable to that of 
meperidine 

E possibly longer duration of action 
(3-6 hrs. vs. 2-4 hrs.) 


| lower incidence of nausea and 
VOMItINg 
@ less potential for abuse 


Æ less potentiàl for development of 
tolerance and physical dependence 
@ fewer side effects were experi- 


enced during labor by mothers in 
Obstetrical studies! 


"In four double-blind obstetrical studies, NUBAIN and meperidine provided comparable analgesia 
Neonates did equally well on both drugs but there is a possibility that either drug can produce 
depressive effects in the fetus or neonate. Mothers rec eiving NUBAIN experienced fewer side effects 


NUBAIN, NARCAN and NUMORPHAN are Endo reaistered U S. trademarks 
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nalouchine HCI 


Brief summary of full prescribing information 


INDICATIONS For the relief of moderate to severe pain. NUBAIN can also be 
used for preoperative analgesia. as a supplement to surgical anesthesia 
and for obstetrical analgesia during labor 


CONTRAINDICATIONS NUBAIN should not be administered to patients who 
are hypersensitive to it 


WARNINGS Drug Dependence NUBAIN has been shown to have a low abuse 
potential whichis approximate to that of pentazocine. When compared with 
drugs which are not mixed agonist- antagonists. it has been reported that 
nalbuphine s potential for abuse would be less than that of codeine and 
propoxyphene Psychological and physical dependence and tolerance may 
follow the abuse or misuse of nalbuphine. Therefore. caution should be 
observed in prescribing it for emotionally unstable patients. or for 
individuals with a history of narcotic abuse Such patients should be 
closely supervised when long-term therapy ıs contemplated Care should 
be taken to avoid increases in dosage or frequency of administration which 
in susceptible individuals might result in physical dependence Abrupt 
discontinuation of NUBAIN following prolonged use has been followed by 
symptoms of narcotic withdrawal. 1.e.. abdominal cramps. nausea and 
vomiting, rhinorrhea. lacrimation. restlessness, anxiety. elevated tempera- 
ture and piloerection Use in Ambulatory Patients NUBAIN may impair the 
mental or physical abilities required for the performance of potentially 
dangerous tasks such as driving a car or operating machinery Therefore 
NUBAIN should be administered with caution to ambulatory patients who 
should be warned to avoid such hazards. Use in Emergency Procedures 
Maintain patient under observation until recovered from NUBAIN effects 
that would affect driving or other potentially dangerous tasks Use in 
Children Clinical experience to support administration to patients under 18 
years is not available at present Use in Pregnancy (other than labor) Safe 
use of NUBAIN in pregnancy has not been established. Although animal 
reproductive studies have not revealed teratogenic or embryotoxic effects 
nalbuphine should only be administered to pregnant women when. in the 
judgement of the physician. the potential benefits outweigh the possible 
hazards Use During Labor and Delivery NUBAIN can produce respiratory 
depression in the neonate It should be used with caution in women 
delivering premature infants Head Injury and Increased Intracranial 
Pressure The possible respiratory depressant effects and the potential of 
potent analgesics to elevate cerebrospinal fluid pressure (resulting from 
vasodilation following CO, retention) may be markedly exaggerated in the 
presence of head injury. intracranial lesions or a pre-existing increase in 
intracranial pressure. Furthermore. potent analgesics can produce effects 
which may obscure the clinical course of patients with head injuries 
Therefore. NUBAIN should be used in these circumstances only when 
essential. and then should be administered with extreme caution 
Interaction With Other Central Nervous System Depressants Although 
NUBAIN possesses narcotic antagonist activity. there is evidence that in 
nondependent patients it will not antagonize a narcotic analgesic 
administered jusf before. concurrently, or just after an injection of NUBAIN 
Therefore. patients receiving a narcotic analgesic, general anesthetics 
phenothiazines. or other tranquilizers. sedatives. hypnotics. or other CNS 
depressants (including alcohol) concomitantly with NUBAIN may exhibit an 
additive effect. When such combined therapy is contemplated. the dose of 
one or both agents should be reduced 


PRECAUTIONS Impaired Respiration At the usual adult dose of 10 mg/70 
kg. NUBAIN causes some respiratory depression approximately equal to 
that produced by equal doses of morphine. However. in contrast to 
morphine. respiratory depression is not appreciably increased with higher 
doses of NUBAIN Respiratory depression induced by NUBAIN can be 
reversed by NARCAN' (naloxone hydrochloride) when indicated. NUBAIN 
should be administered with caution at low doses to patients with impaired 
respiration (e.g . from other medication. uremia bronchial asthma. severe 
infection, cyanosis or respiratory obstructions). Impaired Renal or Hepatic 
Function Because NUBAIN is metabolized in the liver and excreted by the 
kidneys. patients with renal or liver dysfunction may overreact to'customary 
doses. Therefore. in these individuals. NUBAIN should be used with caution 
and administered in reduced amounts Myocardial Infarction As with all 
potent analgesics, NUBAIN should be used with caution in patients with 
myocardial infarction who have nausea or vomiting. Biliary Tract Surgery 
As with all narcotic analgesics, NUBAIN should be used with caution in 
patients about to undergo surgery of the biliary tract since it may cause 
spasm of the sphincter of Oddi 


ADVERSE REACTIONS The most frequent adverse reaction in 1066 patients 
treated with NUBAIN is sedation (381) 36% Less frequent reactions are 
sweaty/clammy (99) 9%. nausea/vomiting (68) 6%. dizziness/vertigo 
(58) 5%. dry mouth (44) 4%. and headache (27) 3%. Other adverse 
reactions which may occur (reported incidence of 1% or less) are: CNS 
Effects nervousness. depression, restlessness. crying, euphoria, floating. 
hostility unusual dreams, confusion. faintness. hallucinations, dysphoria 
feeling of heaviness. numbness, tingling. unreality The incidence of 
psychotomimetic effects, such as unreality. depersonalization, delusions, 
dysphoria and hallucinations has been shown to be less than that which 
occurs with pentazocine Cardiovascular Hypertension. hypotension, 
bradycardia. tachycardia. Gastrointestinal Cramps, dyspepsia. bitter 
taste Respiration Depression. dyspnea. asthma Dermatological Itching. 
burning. urticaria. Miscellaneous Speech difficulty. urinary urgency. 
blurred vision. flushing and warmth Patients Dependent on Narcotics 
Patients who have been taking narcotics chronically may experience 
withdrawal symptoms upon the administration of NUBAIN. If unduly 
troublesome. narcotic withdrawal symptoms can be controlled by the slow 
intravenous administration of small increments of morphine, until relief 
occurs. If the previous analgesic was morphine, meperidine, codeine, or 
other narcotic with similar duration of activity. one-fourth of the 
anticipated dose of NUBAIN can be administered initially and the patient 
observed for signs of withdrawal, e.. abdominal cramps, nausea and 
vomiting. lacrimation, rhinorrhea. anxiety. restlessness. elevation of 
temperature or piloerection If untoward symptoms do not occur 
progressively larger doses may be tried at appropriate intervals until the 
desired level of analgesia is obtained with NUBAIN. Management of 
Overdosage The immediate intravenous administration of NARCAN* 
(naloxone hydrochloride) is a specific antidote Oxygen. intravenous fluids 
vasopressors and other supportive measures should be used as indicated 
The administration of single doses of 72 mg of NUBAIN intramuscularly to 
eight normal subjects has been reported to have resulted primarily in 
symptoms of sleepiness and mild dysphoria 
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Quick Reference To 
Surgical Emergencies 


Edited by Gerald W. Shaftan, M.D. 
and Bernard Gardner, M.D. 


This handy manual, packed with clinical data 
in easy-to-use outline form, is designed for in- 
stant use in helping you evaluate the surgical 
emergency, make the diagnosis and carry out 
the indicated treatment. 

Divided into two broad categories of trau- 
matic and non-traumatic surgical emergencies 
the book systematically covers: Techniques of 
evaluating the patient and applying diagnostic 


criteria... Radiologic procedures that are 
necessary... Anesthesia considerations... 


Fluid and electrolyte replacement. 

The patient evaluating techniques, diagnostic 

steps and surgical treatment are presented 

step-by-step with each individual entry num- 

bered for simplicity. 

Subject matter includes emergencies occurring 

in the areas of general, orthopaedic, neuro- 

logic, ophthalmic, thoracic, plastic, urologic, 

head and neck, and pediatric surgery. 

All who are involved in surgical emergency 

treatment will appreciate this easy-to-use. 

time-saving manual. 

664 Pages œ 50 Illustrations è 1974 
Flexible Binding e $23.75 





Lippincott 
J. B. Lippincott Company 
East Washington Square @ Phila., Pa. 19105 


Please send me: 
O QUICK REFERENCE TO 
SURGICAL EMERGENCIES 


Name 
Address 


City SIM Lo tI au 


O Payment enclosed O Charge and bill me 
(Save postage & handling) (Plus postage & handling) 


Also available at your medical bookstore. AS 4/80 
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Tagamet —- Two Years Later: 






surveillance Program 
Confirms Performance 


* 


and Safety Profile 






Surveyed' 


Each physician was asked to evaluate 
the safety and symptomatic relief of 
Tagamet therapy in each patient for 
whom a case report was submitted. No 


Results of Tagamet Therapy 
in Duodenal Ulcer Patients 


Excellent (symptom-free) 
Good (symptoms substantially relieved) 


Fair (little symptom relief) 





Ll i LL 


POOT (poor or no relief) 


13,666 patients, data on file, SK&F 
Medical Department. 






OSK&F Lab Co., 1979 


" POSTMARKET 
Tagamet SURVEILLANCE 


PROGRAM 
TA-102 


SK&F LAB CO 


Good to Excellent Symptom Relief 
in Most Duodenal Ulcer Patients 





controls were included in this survey, and 
no attempt to confirm healing was 
required. The physicians’ evaluation of 
symptomatic relief was as follows: 


*As part of an ongoing, worldwide 


66% monitoring program of Tagamet’ 


performance, more than 1,000 phy- 


2996 sicians from all cver the United 


States were asked to submit case 


% reports on at least 10 outpatients 


treated with ‘Tagamet’. Informa- 


176 tion collected included patient 


history, diagnosis, results of 
therapy, and any adverse effects. 
Data on file, SK&F Medical 
Department. 


SIKSF LAB CO. 


a SmithKline company 


Tagamet 


cim of 
etidin Tablets, 300 mg. 
e Injection, 300 mg./2 ml. 

















Incidence of Most Frequently Reported 
Adverse Effects in 9,907 Patients' 












| O : i 
Diarrhea 1.0% iasa per or 
Nausea/ Vomiting TIME deni ER 
Dizziness 0.3% summary of prescribing information. 
Rash TT 0. 39, *Data on file, SK&F Medical Department. 
Headache 0.2% 

Gynecomastia 0.2% 





Constipation 
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A few cases of reversible confusional 
states have been reported, usually in 
elderly or severely ill patients. A few 
cases of neutropenia have been 
reported, but no causal relationship 
could be established. 


Dosage in Duodenal Ulcer 

The recommended dosage is 300 mg. four times 
a day, with meals and at bedtime. Treatment 
periods should not exceed eight weeks. 


While healing may occur during the first week 
or two, Tagamet' therapy should be continued 
for four to six weeks unless healing has been 
confirmed. 


Concomitant antacids should be given as 
needed for relief of pain. 


Dosage should be reduced in patients with 
impaired renal function. 


Before prescribing, see complete prescribing information in 
SK&F literature or PDR. The following is a brief summary. 


Indications: ‘Tagamet’ (brand of cimetidine) is indicated in the 
short-term (up to 8 weeks) treatment of duodenal ulcer: and in 
the treatment of pathological hypersecretory disorders (i.e., 
Zollinger-Ellison syndrome, systemic mastocytosis and multiple 
endocrine adenomas). Concomitant antacids should be given 
as needed for relief of pain. Studies to date do not provide 
evidence of the safety of cimetidine in uncomplicated duodenal 
ulcer beyond 8 weeks. 


Contraindications: There are no known contraindications to 
the use of ‘Tagamet’. 


Precautions: In a 24-month toxicity study in rats at dose levels 
approximately 9 to 56 times the recommended human dose, 
benign Leydig cell tumors were seen. These were common in 
both the treated and control groups, and the incidence became 


brand of 





Labs A o A 





Taga 


cimeti 


din Tablets, 300 mg. 
e Injection, 300 mg./2 ml. 


0.2% 





significantly higher only in the aged rats receiving ‘Tagamet’. 
Reproduction studies in animals have shown no evidence of 
impaired mating performance or fertility 


Symptomatic response to ‘Tagamet’ therapy does not preclude 
the presence of a gastric malignancy. 


Potentiation of warfarin-type anticoagulants has been observed 
with concomitant ‘Tagamet’ administration. For this reason, close 
monitoring of prothrombin time is recommended, and adjust- 
ment of the anticoagulant dose may be necessary when these 
drugs are administered concomitantly. 


Lack of experience to date precludes recommending ‘Tagamet’ 
for use in pregnant patients, women of childbearing potential, 
nursing mothers or children under 16 unless anticipated benefits 
outweigh potential risks; generally, nursing should be discon- 
tinued in patients taking the drug. 


Adverse Reactions: Diarrhea, muscular pain, dizziness, rash, 
mild gynecomastia. A few cases of reversible confusional states 
have been reported, usually in elderly and/or severely ill 
patients. A few cases of neutropenia have been reported, but 
no causal relationship could be established. Increased serum 
transaminase and creatinine, as well as rare cases of fever and ; 
interstitial nephritis, have been reported; these cleared on with- | 
drawal of the drug. 


How Supplied: Pale Green Tablets: 300 mg. tablets in bottles of 
100 and Single Unit Packages of 100 (intended for institutional $ 
use only). d 


Injection: 300 mg./2 ml. in single-dose vials and in 8 ml. multiple- 
dose vials, in packages of 10. à 


Date of issuance Mar. 1979 


SK&F LAB CO., Carolina, PR. 00630 
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hydromorphone HC! @ 


The first step after injectables in post-op analgesia. 


Description: Dilaudid is hydromorphone, a hydro- 
genated ketone of morphine 

indications: For relief of moderate to severe pain 
Contraindications: Suspected increased intracra- 
nial pressure, status asthmaticus 

Warnings: May be habit forming with a potential for 
addiction equivalent to morphine in equi-analgesic 
doses. Tolerance may also occur. As with all narcot- 
ics, use in early pregnancy only when expected bene- 
fits outweigh risks 

Adverse Effects: Nausea, vomiting, diarrhea, con- 
stipation, anorexia and somnolence may occur al- 
though unlikely with appropriate dose selection 
Dosage and Administration: Dosage must be indi- 
vidualized. The usual adult dose is 2 mg every 4-6 


hours, as necessary, for moderate to moderately se- 
vere pain. For more severe pain, 3-4 mg or more every 
4-6 hours, as necessary, may be required 
Treatment of Overdosage: |f overdosage is treated 
within an hour, emesis and gastric lavage should be 
attempted. Special attention should be given to respi- 
ration and, if cepression occurs, it may be an- 
tagonized by the use of naloxone hydrochloride 
(Narcan*) — Endo, nalorphine hydrochloride 
(Nalline*) —Merck Sharp & Dohme or levallorphan 
tartrate (Lorfan*) — Roche, as recommended by the 
manufacturer, Other supportive measures should be 
applied when indicated 

How Supplied: Dilaudid HC! color coded tablets 
(NOT FOR INJECTION) imprinted with K logo on one 


side and potency on other side as follows: green — 1 
mg; orange —2 mg; pink —3 mg and yellow —4 mg 
Available in: 1 mg — bottles of 100 (NDC #0044-1021- 
02), 2 mg — bottles of 100 (NDC #0044-1022-02) anda 
500 (NDC #0044-1022-03), 3 mg — bottles of 100 
(NDC #0044-1023-02), 4 mg — bottles of 100 (NDC 
#0044-1024-02) and 500 (NDC #0044-1024-03) 


Knoll Pharmaceutical Company 
Whippany, New Jersey 07981 
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PORPROPYLENE SUTURE 


After ten years and thousands of procedures, 
es to prove its clinically important 
s: Monofilament smoothness, 
curity and resistance to 
jert PROLENE suture induces 

on and does not harbor bacteria. 
in vivo tensile strength after 
n in the presence of infection. 





fatigue-induced fracture. 
only a minimal tissue reac 
PROLENE suture retain 
prolonged implantation 


ETHICON 


INDICATIONS — PROLENE Polypropylene Suture, U.S.P. may be used wherever Nonabsorbable Surgical Suture, U.S.P. is recommended. Due to its relative 
biological inertness, it is recommended for use where the least possi Suture reaction ts desired, As a true monofilament. PROLENE Polypropylene Suture, U.S.P. 
resists involvement in infection and has been successfully emp te in contaminated and infected wounds to eliminate or minimize later sinus formation and suture 
extrusion. Because of its lack of adherence to tissue. PROLENE Poly eee Suture, U.S.P., is efficacious as a pull-out suture. CONTRAINDICATIONS — 


There are no known contraindications. WARNINGS — Unused PROL NE Pol propylene Sutures which have been removed from their package may be resterilized 
no more than three times by the standard steam autoclaving method (250°F for 30 minutes) without loss of strength. Unopened suture parka es should not be 
resterilized by steam autoclave. PRECAUTIONS — As with other synthetic sutures, knot security requires the standard ied e technic of flat and square ties, with 
additional throws if indicated by d circumstance and the experience of the operator. ADVERSE REACTIONS — ransitory local inflammatory reactions 
have been reported. SUPPLIED — Available in U.S.P. sizes. with and without needles, 10/0 thru 2 for pigmented sutures; 7/0 thru 2 for clear. 
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Just one pathogen species miss 2 mE 
antiseptic can cause serious problems. Thati: 
why scrubbing and prepping leave no room fo 
compromise with the quality of an antiseotic. 

A small difference in cost is not worth the risk. 


Optimal antisepsis you can rely on 

BETADINE Microbicides promptly ki'l 
"elg positive and gram-negative bacteria, 

ungi, viruses, protozoa and yeasts. 

BETADINE Microbicides have been 
documented specifically by name—and in the 
same formulations you employ in practice— 
in over 650 published reports encompassing 
thousands of clinical procedures. 

BETADINE Microbicides were also chosen 
by NASA for disinfection procedures in Apollo 
splashdowns and in the Skylab mission. 


BETADINE Microbicides for 

surgical confidence 
BETADINE Surgical Scrub*—for surgical 
scrubbing and patient degerming. 


— — — BETADINE Solution or BETADINE 
Aerosol Spray—for patient prepping and 
postoperative antisepsis on incisions. 


antisepsis o RUPES 
and prepping 


BETADINE surgical Scrub 
BETADINE Solution 
BETADINE aerosol Spray 


*In the rare instances of local irritation or sensitivity, 
discontinue use by the individual. 
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E - Valuable i in serious gram-negative infections 
(opm anaerobic infections) 


B lung abscess/empyema Chloromycetin (chloramphenicol sodium succinate 

E- ae a : _ m endocarditis for injection, USP) is one antibiotic that consistently 
B omia /bacteromia crosses the blood-brain barrier in effective concentra- 

| Sr ated abscess _ tions.Ithasaremarkably broad spectrum that includes 
organisms within the designation of gram-negative 
and gram-positive, aerobic and anaerobic and, 
especially, many species of the anaerobes, such as 
Bacteroides, Clostridium, and Peptostreptococcus, 
ibdomit responsible for serious infections. Used JURRGIO SN, 
pelvic abscesses — Chloromycetin can save lives. 
y 6 to susceptible organisms, ben Jess potentially hazardous therapeutic agents are ineffective or contraindicated. 
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Prescribing Information 

Chioromycetin® Sodium Succinate 
= sodium succinate for injection, 
For intravenous administration 


WARNING 

Serious and fatal blood dyscrasias (aplastic anemia, 
hypoplastic anemia, thrombocytopenia, and granulo- 
cytopenia) are known to occur after the administra- 
tion of chloramphenicol. In addition, there have been 
reports of aplastic anemia attributed to chloram- 
phenicol which later terminated in leukemia. Blood 
dyscrasias have occurred after both short-term and 
prolonged Sarap with this drug. Chloramphenicol 
must not be u when less potentially dangerous 
agents will be effective, as described in the INDICA- 

ONS section. It must not be used in the treatment of 


trivial infections or where it is not indicated, as in 

colds, influenza, infections of the throat; or as a 

prophylactic agent to prevent bacterial infections. 
Precautions: It is essential that adequate blood 


studies be made during treatment with the drug. While 
blood studies may detect early peripheral blood 
changes, such as leukopenia, reticulocytopenia, or 
granulocytopenia, before they become irreversible, 
such studies cannot be relied on to detect bone 
marrow depression prior to development of aplastic 
anemia. To facilitate appropriate studies and observa- 
tion during therapy, it is desirable that patients be 
hospitalized. 





IMPORTANT CONSIDERATIONS IN PRESCRIBING IN- 
JECTABLE CHLORAMPHENICOL SODIUM SUCCINATE 


CHLORAMPHENICOL SODIUM SUCCINATE IS INTENDED 
FOR INTRAVENOUS USE ONLY. IT HAS BEEN DEMON- 
eia TO BE INEFFECTIVE WHEN GIVEN INTRAMUS- 


1. Chloramphenicol sodium succinate must be hydrolyzed to 
its microbiologically active form and there is a lag in 
achieving adequate blood levels compared with the base 
given intravenously 

2. The oral form of chloramphenicol is readily absorbed and 
adequate blood levels are achieved and maintained on the 
recommended dosage 

3. Patients started on intravenous chloramphenico! sodium 
succinate should be changed to the oral form as soon as 
practicable 

DESCRIPTION 

Chloramphenicol is an antibiotic that is clinically useful tor, and 

should be reserved for, serious infections Caused by organ- 

isms susceptible to its antimicrobial effects when less 
potentially hazardous therapeutic agents are ineffective or 
contraindicated Sensitivity testing is essential to determine its 
indicated use. but may be performed concurrently with 
therapy initiated on clinical impression that one of the 
indicated conditions exists (see INDICATIONS section) 

Each gram (10 ml of a 10% solution) of chloramphenicol 
sodium succinate contains approximately 52 mg (2 25 mEq) 
of sodium 

ACTIONS AND PHARMACOLOGY 
In vitro chloramphenicol exerts mainly a bacteriostatic effect 
on a wide range of gram-negative and gram-positive bacteria 
and is activein vitro against rickettsias, the lymphogranuloma- 
psittacosis group, and Vibrio cholerae. Chloramphenicol is 
particularly active against Salmonella typhi and Hemophilus 
influenzae The mode of action ts through interference or 
inhibition of protein synthesis in intact cells and in cell-free 

Systems 
Chloramphenicol administered orally ıs absorbed rapidly 

from the intestinal tract. In controlled studies in adult volun- 
teers using the recommended dosage of 50 mg/kg/day. a 
dosage of 1 g every six hours for eight doses was given Using 
the microbiological assay method, the average peak serum 
level was 11.2 mcg/ml one hour after the first dose. A 
cumulative effect gave a peak rise to 18.4 mcg/ml after the fifth 
dose of 1 g.-Mean serum levels ranged from 8 to 14 mcg/ml 
over the 48-hour period. Total urinary excretion of chloram- 
phenicol in these studies ranged from a low of 68% to a high of 
99% over a three-day period. From 8 to 12% of the antibiotic 
excreted is in the form of free chloramphenicol. the remainder 
consists of microbiologically inactive metabolites, principally 
the conjugate with glucuronic acid. Because the glucuronide 
is excreted rapidly, most chloramphenico! detected in the 
blood is in the microbiologically active free form. Despite the 
smallproportion of unchanged drug excreted in the urine, the 
concentration of free chloramphenicol is relatively high, 
amounting to several hundred mcg/ml in patients receiving 
divided doses of 50 mg/kg/day. Small amounts of active drug 
are found in bile and feces. Chloramphenicol diffuses rapidly, 
but its distribution is not uniform. Highest concentrations are 
found in liver and kidney, and lowest concentrations are found 
in brain and cerebrospinal fluid Chloramphenicol enters 
cerebrospinal fluid even in the absence of meningeal inflam- 
mation, appearing in concentrations about half of those found 
in the blood. Measurable levels are also detected in pleural 
and in ascitic fluids, saliva, milk, and in the aqueous and 
vitreous humors. Transport across the placenta! barrier occurs 
with somewhat lower concentration in cord blood of newborn 
infants than in maternal blood. 


INDICATIONS 


In accordance with the concepts in the WARNING box and 
this INDICATIONS section, chloramphenicol must be used 
only in those serious infections for which less potentially 
dangerous drugs are ineffective or contraindicated. How- 
ever, chloramphenicol may be chosen to initiate antibiotic 
therapy on the clinical impression that one of the condi- 
tions below is believed to be present: in vitro sensitivity 
tests should be performed concurrently so that the drug 
may be discontinued as soon as ble if less poten- 
tially dangerous agents are indicated by such tests. The 
decision to continue use of chloramphenicol rather than 


another antibiotic when both are euge by in vitro 
Studies to be effective against a specific pathogen should 
be based upon severity of the infection, susceptibility of 
the pathogen to the various antimicrobial drugs, efficacy 
of the various drugs in the infection, and the important 
— concepts contained in the WARNING box 
above 


1. Acute infections caused by S typhi* 
It is not recommended for the routine treatment of the 
typ» d carrier state 
2. Serious infections caused by susceptible strains in accor- 
dance with the concepts expressed above: 
a) Sa/monella species 
b) H n'luenzae, specifically meningeal infections 
C) Rickettsia 
d) Lymphogranuloma-psittacosis group 
e) Vanous gram-negative bacteria causing bacteremia, 
meningitis, or other serious gram-negative infections 
f) Other susceptible organisms which have been demon- 
Strated to be resistant to all other appropriate antimicro- 
bia: agents 
3. Cystic fibrosis regimens 


"In the trestment of typhoid fever. some authorities recommend that 
chlorampre=nico! be administered at therapeutic levels for 8 to 10 days 
after the patient has become afebrile to lessen the possibility of relapse 


CONTRAINDICATIONS 


Chloramphenicol is contraindicated in individuals with a 
history of previous hypersensitivity and/or toxic reaction to it. /! 
must not be used in the treatment of trivialinfections or where it 
IS not indicaied, as in colds, influenza, infections of the throat. 
or as a prconylactic agent to prevent bacterial infection 


PRECAUTIONS 

1 Baseline blood studies should be followed by periodic 
blood studs approximately every two days during therapy 
The drug should be discontinued upon appearance of 
reticulocytapenia, leukopenia, thrombocytopenia, anemia. 
or any other blood study findings attributable to chloram- 
phenicol. However. it Should be noted that such studies donot 
exclude thespossible later appearance of the irreversible type 
of bone marow depression 

2. Repeated courses of the drug should be avoided if at all 
possible Treatment should not be continued longer than 
required to produce a cure with little or no risk of relapse of the 
disease 

3. Concur' ent therapy with other drugs that may cause 
bone marrow depression should be avoided 

4. Excesswe blood levels may result from administration of 
the recommended dosage to patients with impaired liver or 
kidney functtons, including that due to immature metabolic 
processes i! the infant. The dosage should be adjusted 
accordingly or, preferably. the blood concentration should be 
determined & appropriate intervals 

5. There are no studies to establish the safety of this drug in 
pregnancy 

6. Because chloramphenicol readily crosses the placental 
barrier, cautien in use of the drug is particularly important 
during pregnancy at termor during labor because of potential 
toxic effects cn the fetus (gray syndrome) 

7. Precautian should be used in therapy of premature and 
full-term infants to avoid gray syndrome toxicity (see AD- 
VERSE REACTIONS). Serum drug levels should be carefully 
followed during therapy of the newborn infant 

8. Precaution should be used in therapy during lactation 
because of thespossibility of toxic effects on the nursing infant 

9. The use c* this antibiotic, as with other antibiotics, may 
result in an overgrowth of nonsusceptible organisms, includ- 
ing fungi. If infections caused by nonsusceptible organisms 
appear during therapy. appropriate measures should be 
taken 

ADVERSE REACTIONS 
1. Blood Dyscras as 

The most ser ous adverse effect of chloramphenicol is bone 
marrow depression. Serious and fatal blood dyscrasias 
(aplastic anem.a. hypoplastic anemia, thrombocytopenia, 
and granulocytepenia) are known to occur after the adminis- 
tration of chloramphenicol. An irreversible type of marrow 
depression leacing to aplastic anemia with a high rate of 
mortality is characterized by the appearance weeks or months 
after therapy of bone marrow aplasia or hypoplasia. Peripher- 
ally, pancytopemia is most often observed. but in a small 
number of cases only one or two of the three major cell types 
(erythrocytes, leukocytes, platelets) may be depressed. A 
reversible type of bone marrow depression. which is dose- 
related, may oecur This type of marrow depression is 
characterized by vacuolization of the erythroid cells, reduc- 
tion of reticulocytes, and leukopenia, and responds promptly 
to the withdrawai-: chloramphenicol 

An exact determination of the risk of serious and fatal blood 
dyscrasias is nat possible because of lack of accurate 
information regarding (1) the size of the population at risk, (2) 
the total number of drug-associated dyscrasias. and (3) the 
total number of non-drug-associated dyscrasias 

In a report to the California State Assembly by the California 
Medical Association and the State Department of Public 
Health in January 1967, the risk of fatal aplastic anemia was 
estimated at 1.2«.200 to 1:40,500 based on two dosage 
levels 

There have been reports of aplastic anemia attributed to 
chloramphenicol which later terminated in leukemia 

Paroxysmal noc'.rnal hemoglobinuria has also been re- 
ported 
2. Gastrointestinal Reactions 

Nausea, vomiting glossitis and stomatitis. diarrhea and 
enterocolitis may czcur in low incidence 
3. Neurotoxic Reactions 

Headache, mild depression, mental confusion, and delir- 
ium have been described in patients receiving chlorampheni- 
col. Optic and peripheral neuritis has been reported, usually 
following long-term herapy. If this occurs, the drug should be 
promptly withdrawn 
4. Hypersensitivity Reactions 

Fever, macular ard vesicular rashes, angioedema, urticar- 
ia, and anaphylaxis may occur. Herxheimer reactions have 


occurred during therapy for typhoid fever. 
5. “Gray Syndrome” 

Toxic reactions including fatalities have occurred in the 
premature and newborn, the signs and symptoms associated 
with these reactions have been referred to as the gray 
syndrome. One case of gray syndrome has been reported in 
an infant born to a mother having received chloramphenicol 
during labor. One case has been reported in a 3-month-old 
infant. The following summarizes the clinical and laboratory 
studies that have been made on these patients 

a) In most cases, therapy with chloramphenicol had been 
instituted within the first 48 hours of life 

b) Symptoms first appeared after three to four days of 
continued treatment with high doses of chlorampheni- 
col 

c) The symptoms appeared in the following order 
(1) abdominal distention with or without emesis. 

(2) progressive pallid cyanosis. 

(3) vasomotor collapse, frequently accompanied by 
irregular respiration, 

(4) death within afew hours of onsetof these symptoms 

d) The progression of symptoms from onset to exitus was 
accelerated with higher-dosage schedules. 

e) Preliminary blood serum level studies revealed un- 
usually high concentrations of chloramphenicol (over 90 
mcg/ml! after repeated doses) 

f) Termination of therapy upon early evidence of the 
associated symptomatology frequently reversed the 
process with complete recovery 


ADMINISTRATION 


Chloramphenicol, like other potent drugs. should be pre- 
scribed at recommended dosages known tohave therapeutic 
activity Administration of 50 mg/kg/day in divided doses will 
produce blood levels of the magnitude to which the majority of 
susceptible microorganisms will respond 

As soon as feasible, an oral dosage form of chloram- 
phenicol should be substituted for the intravenous form 
because adequate blood levels are achieved with 
chloramphenicol by mouth. 

The following method of administration is recommended 

intravenously as a 10% (100 mg/ml) solution to be injected 
over at least a one-minute interval. This is prepared by the 
addition of 10 ml of an aqueous diluent. such as water for 
injection or 5% dextrose injection 


DOSAGE 

Adults 

Adults should receive 50 mg/kg/day in divided doses at 
six-hour intervals. In exceptional cases. patients with infec- 
tions due to moderately resistant organisms may require 
increased dosage up to 100 mg/kg/day to achieve blood 
levels inhibiting the pathogen, but these high dosages should 
be decreased as soon as possible Adults with impairment of 
hepatic or renal functions or both may have reduced ability to 
metabolize and excrete the drug. In instances of impaired 
metabolic processes, dosages should be adjusted accord- 
ingly (Seediscussion under Newborn Infants.) Precise control 
of concentration of the drug in the blood should be carefully 
followed in patients with impaired metabolic processes by the 
available microtechniques (information available on request) 
Children 

Dosage of 50 mg/kg/day divided into four doses at six-hour 
intervals yields blood levels in the range effective against most 
susceptible organisms. Severe infections (eg., bacteremia or 
meningitis) especially when adequate cerebrospinal fluid 
concentrations are desired, may require dosage up to 100 
mg/kg/day however, it is recommended that dosage be 
reduced to 50 mg/kg/day as soon as possible. Children with 
impaired liver or kidney functions may retain excessive 
amounts of the drug 


Newborn Infants 
(See section titled Gray Syndrome under ADVERSE REAC- 
TIONS.) 

A total of 25 mg/kg/day in four equal doses at six-hour 
intervals usually produces and maintains concentrations in 
blood and t'ssues adequate to control most infections for 
which the drug is indicated. Increased dosage in these 
individuals, demanded by severe infections, should be given 
only to maintain the blood concentration within a therapeuti- 
cally effective range. After the first two weeks of life, full-term 
infants ordinarily may receive up to a total of 50 mg/kg/day 
equally divided into four doses at six-hour intervals. These 
dosage recommendations are extremely important because 
biood concentration in all premature infants and full-term 
infants under 2 weeks of age differs from that of other infants 
This difference is due to variations in the maturity of the 
metabolic functions of the liver and the kidneys 

When thesefunctions are immature (or seriously impaired in 
adults), high concentrations of the drug are found which tend 
to increase with succeeding doses 
Infants and Children with Immature Metabolic Processes 

In young infants and other children in whom immature 
metabolic functions are suspected, a dosage of 25 mg/kg/ 
day will usually produce therapeutic concentrations of the 
drug in the bloed In this group particularly, the concentration 
of the drug in the blood should be carefully followed by 
microtechniques (Information available on request.) 


HOW SUPPLIED 
N 0071-4057-03 (Steri-Vial* No. 57) 
Chioromycetin (chloramphenicol) Sodium Succinate is 
supplied as a dried powder in Steri-Vials (rubber 
diaphragm-capped vials). Whenreconstituted as directed, 
each vial contains a sterile solution equivalent to 100 mg of 
chloramphenicol per milliliter (1 g/10 ml) Available in 
packages of 10 vials 
Chloromycetin, brand of chloramphenicol, Reg US Pat Off 
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Effectiveness 
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phene napsylate (100 mg) and 
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those of other prescription analge- 
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WARNINGS 
*Do not prescribe propoxyphene for patients who are 
suicidal or addiction-prone. 
e Prescribe propoxyphene with caution for patients taking 
tranquilizers or antidepressant drugs and patients who use 
alcohol in excess. 
* Tell your patients notto exceed the recommended dose and 
to limit their intake of alcohol. 
Propoxyphene products in excessive doses, either alone or 
in combination with other C.N.S. depressants, including 
alcohol, are a major cause of drug-related deaths. Fatalities 
within the first hour of overdosage are not uncommon. In a 
survey of deaths due to overdosage conducted in 1975. in 
approximately 20 percent of the fatal cases. death occurred 
within the first hour (5 percent occurred within 15 minutes) 
Propoxyphene should not be taken in doses higher than 
those recommended by the physician. The judicious pre- 
scribing of propoxyphene is essential to the safe use of this 
drug. With patients who are depressed or suicidal, consider- 
ation should be given to the use of non-narcotic analgesics 
Patients should be cautioned about the concomitant use of 
propoxyphene products and alcohol because of potentially 
serious C.N.S.-additive effects of these agents. Because of 
its added depressant effects, propoxyphene should be 
prescribed with caution for those patients whose medical 
condition requires the concomitant administration of seda- 
tives, tranquilizers, muscle relaxants, antidepressants, or 
other C.N.S.-depressant drugs. Patients should be advised 
of the additive depressant effects of these combinations 
Many of the propoxyphene-related deaths have occurred 
in patients with previous histories of emotional disturbances 
or Suicidal ideation or attempts as well as histories of misuse 
of tranquilizers, alcohol, and other C.N S -active drugs 
Some deaths have occurred as a consequence of the 
accidental ingestion of excessive quantities of propoxy- 
phene alone or in combination with other drugs. Patients 
taking propoxyphene should be warned not to exceed the 
dosage recommended by the physician 





Drug Dependence — Propoxyphene, when taken in higher-than- 
recommended doses over long periods of time. can produce drug 
dependence characterized by psychic dependence and, less 
frequently, physical dependence and tolerance Propoxyphene 
will only partially suppress the withdrawal syndrome in individ- 
uals physically dependent on morphine or other narcotics. The 
abuse liability of propoxyphene is qualitatively similar to that of 
codeine although quantitatively less, and propoxyphene should 
be prescribed with the same degree of caution appropriate to the 
use of codeine 





































































LÀ m 
Patient Selection 
Darvocet-N 100 provides effective 
analgesia for the relief of mild to 
moderate pain. Pain is a highly sub- 
jective sensation, and tolerance to 
pain varies greatly among patients. 
Mild to moderate pain is usually 
considered to be what patients de- 
scribe as “some” or “a lot."? Such 
pain may be associated with a variety 
of medical conditions, including 
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fractures, trauma, arthritis, flu, and 
postpartum pain. 

Darvocet-N 100 is not the right 
analgesic for all patients (see Warn- 
ings). It should not be used by those 
who are suicidal or addiction-prone 
and should be prescribed with caution 
for those who abuse alcohol or drugs. 
However, when properly prescribed, 
Darvocet-N 100 is a suitable analge- 
sic for most patients. 
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The Kendall Company manufactures many products 
whose presence, performance and quality are a vital 
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An Extensively Documented Clinical Procedure for 


the Quantitative Evaluation of Peripheral Vascular Disease: Ophthalmic artery pressure is read 
directly on the OPG Attachment of 
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its respective cerebral hemisphere. 


Excellent Long-term Reproducibility and Calibrated 
Accuracy by Quantitative Segmental Cuff Technique 
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1) PROVIDES 2) FACILITATES 3) ESTABLISHES 


Clinical Procedures for 


e Evaluating Arterial e The Evaluation e Criteria for 
Hemodynamics in the of Rest Pain Primary Healing 
Lower Extremities e The Prediction of Below-Knee 

* Evaluating Arterial of Lesion Healing Amputation 


Hemodynamics in the 


"M e Evaluation of 
Upper Extremities 


e Criteria for 


Vascular Limiting 
e Evaluating Vasospastic Malformations Claudicaton 
Disease e Anatomic 
° Evaluating Compres- Localization e Criteria for 
ni syndromes i e Evaluation of Extra- the Non-Invasive 
e Evaluating Extracranial Cemal Circulation Laboratory Diagnosis 
Arterial Disease of Deep Venous 
* Evaluating Deep Venous Thrombosis Thrombosis (DVT) 
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Exercise 


Arm- |Thigh.| Calf- i P. Ankle?| PVR 
Thigh | C sr Aride Thigh | Calf |Ankle (mmHg) lc ategory Symptoms 
A-I Stenosis YES NO NO | ABN ABN ABN <50 5 Calf, 
ODS (quick | Thigh, 
recovery) | Buttocks 
A-I Occlusion YES NO NO | ABN ABN ABN <20 5 Calf, 
ODS Thigh, 
Buttocks 
SFA Occlusion NO YES YES | NOR ABN ABN 20-50 4 Calf 
(Low) 
No A-I Disease* 
SFA Occlusion | YES YES YES | ABN ABN ABN 20-50 4 Calf, 
(High) Lower 
No A-I Disease* Thigh 
Combined YES YES YES | ABN ABN ABN <10 5 Calf, 
Disease Thigh, 
A-I + SFA Buttocks 
Tibial Vessel NO NO YES | NOR NOR ABN 30-70 4 Foot, 
Disease Ankle, 
Calf 


Small Vessel NO NO NO | NOR NOR NOR** — — -— 
Disease 


A-I — Aorto-iliac. ODS — Open Distal System. SFA — Superficial Femoral Artery. * — No Hemodynamically Significant 
A-I Disease Present. t — Values quoted are not absolute and are given as a guide. APs —Systolic Pressure Difference. 
ABN —- Abnormal. NOR — Normal. ** — PVR recordings at transmetatarsal region and/or digits reduced. Ps — 
Systolic Pressure. 
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"Nutritional benefits are realized early when 

the needs are greatest. Although the present study 
did not compare intrajejunal feeding with total 
parenteral nutrition, the nutritional benefits appear 
to be equal or better, and almost all the hazards 

of total parenteral nutrition are avoided.” 


—Hoover, HC Jr, Ryan, JA, Anderson, EJ, and Fischer, JE: 
Nutritional benefits of immediate postoperative jejunal 
feeding of an elemental diet. Am J Surg 139:153 (Jan) 1980. 
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Presidential Address: 


Reflections on the Early Development of Portacaval Shunts 


Tr MATERIAL PRESENTED here is not intended to be 


an exhaustive survey ofthe literature regarding the 
development of portacaval shunting. It is rather a 
reassessment of historic events which hold special 
interest for me in relating to my chosen field of 
endeavor. As so often is the case, a study of the past 
reveals lessons yet unlearned and discovers con- 
tributions not adequately acknowledged. 


Nicolai Eck 


The story of the surgical treatmerit of portal 
hypertension begins in St. Petersburg, Russia, in the 
year 1877. A young surgeon, Nicolai V. Eck, working in 
the Military Medical Academy had established a 
reputation as a fine clinical surgeon. He became 
interested in the problem of ascites and its relatioriship 
to hepatic fibrosis with portal vein obstruction. It was 
widely held at the time that complete diversion of portal 
flow from the liver was routinely fatal, based primarily 
on experiments in which the portal vein was simply 
ligated. Eck conceived the idea of a portacaval 
venovenous fistula to shunt the portal blood around the 
liver to avoid the massive intestinal venous congestion 
which followed acute ligation. In a short paper in the 
Military Medical Journal,? he described his technique 
and experience with either portacaval venovenous 
fistulas in the dog. Eck begins his paper, 
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If the portal vein of a dog is ligated after making 
sure that the blood from the vein flows freely into 
the inferior vena cava, then this change in direction 
of the blood flow and deprival of the liver of the 
portal blood does not cause any serious disturbance 
to the body. The animal recovers after such an 
operation, its nutritional status improves gradually, 
and it remains in perfect health thereafter. 


In conclusion of the paper, Eck states: 


I consider the main reason to doubt that such an 
operation can be carried out on human beings has 
been removed because it was established that the 
blood of the portal vein, without any danger to the 
body, could be diverted directly into the general 
circulation and this by means of a perfectly safe 
operation. 


It is of great interest to review the actual results of 
these experimental operations to put Eck's analysis in 
proper focus. Operations were performed on eight 
dogs. Of these eight experimental animals, seven died 
within the first week, thereby falling into the traditional 
category of an operative death. The eighth dog lived 
about two and one-half months, but escaped from the 
kennel and patency of the shunt was not established. 
These data indicate total disaster; Eck proclaimed 
unqualified success and recommended application 
to man! 
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Fic. 1. Ivan Petrovich Pavlov. Reprinted with permission from 
Babkin, B. P.: Pavlov. Chicago, University of Chicago Press. 1949. 


This amazing presentation invites speculation about 
the author. Eck was undoubtedly a brilliant student as 
he won several prizes during his student days and 
published a total of 26 medical papers.'" in 1874 he had 
reported the first successful abdominal hysterectomy in 
Russia and three years later, in the same Military 
Medical Journal, reported the first successful posterior 
interstitial myomectomy. Several years following his 
paper on portacaval fistulas, he presented a paper on his 
methods of gastric resection. 

Eck's career seems characteristic of many who have 
been ill-suited to their profession. There were long 
periods in which he was inactive surgically. For 13 
years, from 1884 to 1897, Eck was apparently 
completely divorced from medicine and surgery and 
served in the Ministry of Finance. It is possible that he 
became interested in this area while assigned by the 
` military to tasks dealing with credit. From 1897 to 1908, 
the year of his death, he apparently did some private 
practice in St. Petersburg, but also became involved in 
geology and mining engineering in the south of Russia 
and published several papers on the subject. This 
cursory examination of the sketchy details of his life 
certainly leave the impression of a brillian: but erratic 
man who was seeking something which he probably 
never found. 
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Ivan P. Pavlov 


In 1893, the search for understanding of the portal 
circulation was suddenly and dramatically changed. In 
that year, Ivan Petrovich Pavlov (Fig. 1) and his co- 
workers in the Military Medical Institute, and the newly 
opened Institute of Experimental Medicine in St. 
Petersburg, published a paper which, in my opinion, is 
the greatest single contribution made to the study of 
portal venous physiology.** There had been but one 
paper published since Eck, that by J. J. Stolnikov in 
Pflügers Archives in 1882. Although this paper added 
little new data, the significance to Pavlov was the lack 
of interest engendered in physiologists, although 
published in a widely read journal. 

It is intriguing to see his reaction to the prior work. 
He discusses the paper by Eck and says, in part, 


As a brave surgeon, the author thought that these 
experiments would enable him to solve the question 
of an operative procedure to be used in cases of 
blockage in the liver. Thus, he believed that the main 
thing preventing this operation had been eliminated, 
for he was convinced that the blood from the portal 
vein could be channeled into the body’s general 
circulation by a perfectly safe operation and with no 
danger to the organism. 


After a brief discussion of the paper by Stolnikov, 
Pavlov continues: 


These two reports constitute the entire literature 
concerning vein fistulas. From what has been said, it 
follows that the Eck operation is in fact surgically 
possible and that it does not cause the immediate 
death of the animal. But is this operation compatible 
with a long life for the animal? Does it entail any 
special physiologic phenomenon? Until now this has 
never been made clear. The one dog of Eck’s which 
lived two and one-half months after the operation ran 
away, so that it was impossible to determine the 
success of the operation by postmortem examination 
of the animal. Nevertheless, Eck’s operation must be 
described as important and worthy of interest. It is 
clear that if it is successful, it gives us a means of 
clarifying several important questions in the physiol- 
ogy, pathology and pharmacology of the liver. 


From Babkin’s biography,’ it is very clear that among 
the guiding principles of Pavlov’s life were complete 
accuracy in observation and reporting and careful 
analysis of logical and precisely designed experimental 
procedures. He was extremely intolerant of those who 





* Pavlov's name is last among the authors because of a traditional 
alphabetic listing. In the manuscript it is clear he is the primary 
investigator. 
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did not share these views and at one time in his life was 
particularly disdainful of the lack of scientific merit of 
data emanating from the laboratories of I. R. 
Tarkhanov, the site of Eck's experiments. Two 
incidents related by Babkin are worthy of brief 
repetition. While working in a laboratory as a young 
student at the Academy, Pavlov heard a paper in which 
the authors proposed to study the metabolic effects of 
muscle work. To do this, they utilized a model with an 
animal under general anesthesia; a machine would 
move the legs in a motion generally similar to that of 
running. The venous effluent from the limb was then 
analyzed and the results were recorded as being 
characteristic of muscle work. Tarkhanov rose to 
defend the work, while Pavlov, although still a student, 
attacked the paper as ridiculous, since the machine did 
the work and the muscles were entirely passive. A more 

humorous episode occurred in the same laboratories of 
` Prince Tarkhanov when the question of lecithin as a 
nutritional supplement was being studied. At that time, 
a theory held that lecithin could enhance growth in the 
newborn and a controlled study was designed to 
elucidate its effect. The experimental group was fed 
puppy chow, enhanced by a liberal amount of lecithin. 
After a very short period, it was found that the puppies 
in the experimental group were growing nicely, 
whereas the control group was lagging far behind. 
Analysis of the records revealed that the control 
puppies received no lecithin, but also received no 
puppy chow! It is, therefore, easy to understand 
Pavlov's disdain for the work done in Tarkhanov's 
laboratories, as supervision was cursory at best. Yet in 
Pavlov's classic paper he appeared to be kindly 
disposed toward Eck, in spite of severe scientific 
deficiencies. In attempting to understand Pavlov's 
anomalous reaction, the brief biographical data of Eck 
were reviewed" and it first came to my attention that 
Eck was the son of a Professor of Medicine in the 
Medical Chirurgical Academy of St. Petersburg. It is 
therefore entirely possible that Eck's father had been a 
much admired teacher of Pavlov and perhaps even later 
had become a friend. In addition, Stolnikov was a friend 
and an early collaborator of Pavlov. Indeed, Stolnikov 
had been influential in some manner in Pavlov's 
selection for a coveted two-year postgraduate scholar- 
ship. Stolnikov was said to have been a promising 
young academician, but died at an early age and little 
more is known of him. 

Pavlov's paper is universally cited as the original 
description of ‘‘meat intoxication" ' in the Eck fistula 
dog. It does this brilliantly, but also elucidates other 
findings which were decades ahead of general 
- understanding. A brief summary of the more important 
findings bear repetition. 
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Technique 


Of considerable interest are Pavlov’s comments on 
the operative procedure itself, which he describes in 
minute detail. While commending Eck for the con- 
ception of the technique, he cites the need for further 
improvement. As stated in the paper, "the operative 
procedure needs to be improved for the well being of 
the experimental animal but also the peace of mind of 
the surgeon.’ A further statement, still applicable to 
procedures performed for the relief of portal hyperten- 
sion, is as follows: ‘‘The whole operation lasts one to 
one and one-half hours. Although it requires 70 
extraordinary skill, it does demand the uninterrupted 
attention of the operator and is, therefore, rather 
exhausting.” 


Meat Intoxication 


This syndrome is clearly described and exhaustively 
examined. Of the 60 dogs in which Pavlov created an 
Eck fistula, 20 lived and were subsequently studied. 
The characteristic syndrome was found to consist of 
loss of appetite, weight loss, neuropsychiatric syn- 
dromes progressing from excitement and ataxia, to 
bizarre behavior, catatonia, convulsions and death. 
These observations should be read by students of portal 
hypertension and portasystemic encephalopathy. As 
far as I know, they have not been surpassed. In addition 
to the recognition and magnificent description of these 
phenomena, Pavlov decisively demonstrated their rela- 
tion to protein consumption by repeatedly precipitating 
the syndrome with meat feeding and showing 
reversibility by simply withholding protein from the 
diet. 

Pavlov evaluated the effects of different types of 
protein, namely milk versus meat or meat powder, and 
noted that the Eck fistula dog tolerated milk feedings far 
better than the meat products. This differential 
susceptibility to various proteins is now being restudied 
as it relates to the management of patients with hepatic 
encephalopathy. 

Induction of Encephalopathy with a Nonprotein 
Source of Nitrogen 


Pavlov and his associates became convinced that an 
intermediary product of protein metabolism was the 
"toxic substance." When carbamic acid was found 
in the urine of affected dogs, they selected this 
substance for direct experimental study. First, 
carbamic acid was given intravenously to normal dogs 
and a picture similar to "meat intoxication" was 
produced. Next, carbamic acid was administered by 
gastric tube to normal dogs, and even large amounts 
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failed to produce the syndrome. Finally, the carbamic 
acid was given intragastrically to Eck fistula dogs with 
invariable production of the syndrome. They concluded 
that the toxic effects were due to nitrogenous products 
of protein digestion which were completely cleared by 
the liver of the normal dog, but became important when 
intestinal blood bypassed the liver in the Eck fistula 
animal. In their discussion of the production of the 
syndrome by nonprotein nitrogen, the authors were 
aware of the possibility that ammonia might be a toxic 
agent; however, in a rather elaborate analysis of 
indirect evidence based on types of symptomatology, 
they came to the erroneous conclusion that ammonia 
was probably not involved. 


Relationship of Eck Fistula Syndrome to Patency 
of the Shunt 


Among the dogs surviving the operation, there was a 
marked variation in response. Some dogs developed 
the characteristic syndrome described above for which 
this paper has been cited repeatedly. However, Pavlov 
pointed out that other dogs were little affected by the 
procedure and actually began to gain weight and grow. 
With his meticulous scientific approach, all the animals 
were autopsied. He was the first to point out that even 
though the portal vein was ligated above the 
pancreaticoduodenal vein, if the shunt closed and the 
dog survived, collateral portal circulation to the liver 
would develop. Pavlov commented that these venous 
tributaries were none of the named veins, but were spon- 
taneous collaterals, apparently born of the markedly 
increased portal pressure subsequent to ligature of the 
portal vein and closure of the portacaval shunt. 
Although Pick, in 1909, is generally cited as being the 
first to point out the hepatopetal collaterals,'* Pavlov 
actually described this process in great clarity. He also 
correctly emphasized that portal venous perfusion of 
the liver correlates directly with the ability of the dog to 
regain health and weight. 

Some of the most remarkable data in this study are 
those that related to the size of a patent anastomatic 
orifice. In his careful evaluation, Pavlov found that 
those dogs who did poorly and were subject to meat 
intoxication had an anastomosis that was large and 
would easily admit the "little finger through the 
anastomosis." On the other hand, dogs who did not 
undergo this syndrome either had occlusion of the shunt 
or an anastomatic orifice no larger than 3—4 mm in 
diameter as measured by probes. Using an injection 
technique of beryllium blue and gelatin, Pavlov 
confirmed that in dogs who died from the Eck fistula 
syndrome, little or none of the dye would enter the 
portal system within the liver, whereas in those 
regaining health, weight and strength, much of this 
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injected solution passed by the collaterals back into the 
intrahepatic portal system. This profound observation 
is not generally known today, although it applies 
directly to the physiology and treatment of the 
thrombosed portal vein. 


Liver Pathology 


A final observation of great importance was cited by 
Pavlov, although the actual data were never published. 
However, Pavlov does state that the findings of this 
anatomic study were atrophy of the liver grossly with 
atrophy and fatty infiltration of the hepatic lobule on 
microscopic study. This important observation, which 
subsequently has been repeatedly demonstrated, is 
usually attributed to that eminent scientist Dr. George 
Whipple at Johns Hopkins in 1909.16 

Pavlov’s paper was published in 1893, just two years 
after he was appointed Director of Physiology at the 
newly opened Institute of Experimental Medicine. In 
1904 he was the recipient of the Nobel Prize in Medicine 
and Physiology for his work on the physiology of 
digestion, and continued an active investigative career 
for 32 more years. When he died at the age of 86 he still 
worked a heavy schedule in his laboratory. 


Early Utilization of Portacaval Shunts in Man 


Following the publication of this classic paper, the 
utilization of the Eck fistula for the study of physiology 
of the liver increased. However, there appeared to be 
an understanding of Pavlov’s work and the feeling that 
total portal deprivation could result in serious 
nutritional consequences to the liver. In the latter part 
of the 19th Century, the first attempts at surgical 
treatment of portal hypertension were the omentopexy 
procedures as described by Drummond and Morison 
and later by Talma. This type of operation, commonly 
known as a Talma-Morison procedure, was based on 
the principle of increasing portasystemic collateraliza- 
tion through adhesions to the omentum. Morison be- 
came an internationally renowned surgeon, docu- 
mented to no small degree by his election in 1910 to 
honorary membership in the Southern Surgical 
Association. 

With the available data indicating that a portacaval 
shunt large enough to decompress the portal system 
was accompanied by serious physiologic consequences 
in the experimental animal, the circumstances of its 
initial use in man are of interest. Donovan and Covey‘ 
recently reviewed this period and published a 
translation of a paper published in 1903 by M. E. Vidal 
of Perigueux, France. It is clear that Vidal did not wish 
to use a portacaval shunt and had intended to perform 
an omentopexy; however the omentum was so 
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deformed and fibrotic that its usefulness was negated, 
and he was "forced" to do the first portacaval shunt in 
man. Vidal used an end-to-side anastomosis (as advised 
by Tansini) using an inverting suture technique similar 
to that used in an intestinal anastomosis. However, the 
shunt undoubtedly remained patent, as the patient 
rapidly developed the classic signs of encephalopathy. 
Vidal discusses in detail this aspect of the procedure 
and calls it one of the principal dangers to total 
exclusion, “‘as pointed out by the Russian physiolo- 
gists." Referring to nitrogenous substances as ‘‘al- 
buminoids"' he points out that one must turn primarily 
to hydrocarbons as a source of nourishment. The 
patient lived only three to four months and apparently 
died from an acute septic problem referred to by other 
sources as an endophlebitis. In his paper, Vidal 
characterized the portacaval shunt as being too radical, 
depriving the liver of nutritional integrity and leading to 
"ammonia intoxication." Vidal's severe criticism of 
the total portal exclusion procedures was re-emphasized 
when he discussed a paper by DeMartel which reported 
the death of a shunt patient in 1910. The next 
portasystemic shunting was reported by Villard and 
Tavernier also in 1910. These authors felt that a total 
portacaval shunt was improper but omentopexy was 
inadequate and, therefore, utilized an anastomosis 
between a branch of the superior mesenteric vein and 
the ovarian vein. Although autopsy in this patient 
proved the anastomosis was thrombosed, they pre- 
sented experimental data involving several alternative 
techniques and cited the contribution of Alexis Carrel 
in establishing proper vascular surgery techniques. 

In 1906, a major contribution which remained 
essentially dormant for many years was renewed. 
Alexis Carrel, a Frenchman by birth and training, had 
come to the United States to pursue his chosen career in 
surgery following a brief sojourn in Canada. Carrel 
spent two years at the University of Chicago, at which 
time he essentially abandoned clinical surgery and 
worked in the Hull physiologic laboratory in collabora- 
tion with Dr. C. C. Guthrie. During the course of those 
two years, his study of vascular surgery which began in 
Lyon, France in 1902, came to fruition. Carrel 
developed an approach to the anastomosis of blood 
vessels, which included the improvement in suture 
materials to the level of modern sutures. In 1906, his 
paper on the technique of portacaval anastomosis was 
published and was well known to his contemporaries.? 
A few weeks ago, Dr. David Sabiston, an avid student 
of surgical history, informed me that the Eck fistula was 
included in Harvey Cushing's student dog surgery 
course at Johns Hopkins in 1905. Astounded by this 
information, I went to the biography of Carrel written 
by Dr. Theodore Malinin, former Curator of the Carrel 
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Collection at Georgetown University and currently 
Professor of Surgery and Pathology at the University of 
Miami, and found that Cushing had visited Carrel’s 
laboratory at least as early as 1905.!! There followed a 
lifelong communication between Cushing and Carrel. 
The esteem in which Carrel was held is indicated by the 
fact that on April 29, 1906, Cushing delivered a lecture 
at the Hopkins which, according to Malinin, contained 
the clearest exposition of Carrel's thoughts on vascular 
surgery until that time. 

Harvey Cushing thought the Eck Fistula’ was so 
important that he included it in his course schedule — 
Procedure No. 13, Performance of an Eck Fistula. The 
vast difference between the original Eck fistula (which 
severely tested the skills of even so fine an experimental 
surgeon as Pavlov) to one that could be used in student 
teaching is eloquent testimony to the contributions of 
Carrel. For his work on the suturing of blood vessels 
and transplantation of organs, Alexis Carrel was 
awarded the Nobel Prize in Medicine and Physiology in 
1912. 

As Donovan states in his recent paper,’ the sub- 
sequent years produced little that was new, although 
Rosenstein reported using a side-to-side portacaval 
shunt in 1912. He believed that some of the portal blood 
would perfuse the liver and thus mitigate the severe 
syndrome described by Pavlov and Vidal. Although 
Pavlov had clearly demonstrated that continued 
perfusion of the liver will not occur with a shunt large 
enough to decompress portal hypertension, this was 
presumably not apparent to Rosenstein, nor is it 
generally understood today. The failure of the shunt in 
Rosenstein's patient is indicated by the return of the 
ascites postoperatively which rarely happens with a 
patent side-to-side portacaval anastomosis. Two other 
procedures were performed prior to the modern era (in 
1912 and in 1926 in Russia) when mesocaval shunts by 
the end-to-side technique were used for the first time. 

Although no further shunting was performed, one 
additional bit of information which has subsequently 
become of great interest was demonstrated for the first 
time at the Mayo Clinic. Although it had been shown 
experimentally in the 19th Century that a resected liver 
will regenerate to its preresection mass, Mann and 
Magath"? showed quite clearly that the liver would not 
return to its "normal weight" if it were done in 
conjunction with an Eck fistula. This finding was 
confirmed by a number of others and presented yet 
another theoretical objection to portacaval shunting. 


Allen O. Whipple 


The modern era of portasystemic shunting has its 
roots in work from the Combined Spleen Clinic at 
Columbia Presbyterian Medical Center in New York. 
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Fic. 2. Allen Oldfather Whipple. Reprinted with permission from 
the Transactions of the Southern Surgical Association. Volume 75. 
Philadelphia, J. B. Lippincott Co. 1963. 


There Dr. Allen O. Whipple (Fig. 2), the Valentine Mott 
Professor and Chairman of Surgery, and his associates 
had an intense interest in disorders of the spleen. They 
quickly recognized that one of the most common and 
serious problems encountered was that of splenomegaly 
associated with portal hypertension and bleeding 
esophageal varices. It is important to note historically 
that during the several years preceding the reinstitution 
of the portacaval shunt, several other approaches for 
control of variceal bleeding were tried there without 
success. These included splenectomy, which proved 
unsuccessful for treatment of portal hypertension 
associated with intrahepatic lesions or portal vein 
thrombosis, but was eminently successful in the 
treatment of the occasional patient who had isolated 
splenic vein thrombosis. Whipple cited an instance 
of splenic vein thrombosis in a New York policeman in 
whom splenectomy was truly curative; four other 
patients were also successfully treated. When simple 
splenectomy was found to be generally unsatisfactory, 
an attempt was made to ligate the collaterals leading 
into the varices, a procedure that would fall under the 
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category of devascularization procedures. Although 
technically not identical with current devascularization 
operations, the principle is similar. This too was found 
wanting because of failure to control variceal hemor- 
rhage. Finally, smaller branches of the portal and caval 
venous systems were anastomosed in an attempt to 
avoid complete portal deprivation, but this approach 
failed because of thrombosis of the shunts. Likewise, 
Whipple reported the inadequacy of the Talma- 
Morison type procedures and reached the conclusion 
that there were no successful operative procedures, nor 
were there successful nonoperative methods by which 
one could control the dreaded and frequently fatal 
complication of hemorrhage from gastroesophageal 
varices. 

It is usually stated that Whipple's paper on the 
background and reasoning which led to the reinstitution 
of portacaval shunt therapy was presented to the 
American Surgical Association, but this is not the case. 
There was to have been a presentation at the American 
Surgical Association Meeting in Philadelphia. However 
a request to hold the meeting in Philadelphia had been 
declined by Director Burns, and the papers were simply 
submitted for publication (Fig. 3). Meanwhile, Whipple 
had been invited to deliver the prestigious E. Starr Judd 
Lecture at the University of Minnesota in April 1945. It 
was there that he read the now-famous paper, *‘The 
Problem of Portal Hypertension In Relation to the 
Hepatosplenopathies."" This must have been one of the 
reasons that the two important initial reports, one by 
Whipple" and one by Blakemore and Lord? are 
published as separate papers. In many ways, this was 
fortunate, for it allowed Whipple an extensive 
discussion of the complexities of the subject, and the 
reasons for undertaking this dramatic step in an attempt 
to deal with a clinical problem of frightening 
proportions. One must admire the participants in these 
historic studies for the firmness of their convictions in 
using a procedure which had little to recommend it, as 
demonstrated by previous investigators. In Whipple's 
paper on the rationale of portacaval shunting, little or 
no mention is made of the many papers which had 
outlined both the physiologic and technical problems 
inherent in these procedures. Although Whipple was 
undoubtedly aware of these publications, he does not 
cite Pavlovs work, the encephalopathy clearly 
demonstrated by Vidal in the first case of portacaval 
shunt in man, or the marked inhibition of regrowth of 
the resected liver in an animal with an Eck fistula. 
These data, combined with the technical difficulties of 
vascular procedures, would have seemed so over- 
whelming as to preclude a renewed attempt at the use of 
this approach in man. 


However, as stated by Dr. Harvey Stone in 
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Fic. 3. Title page of Whip- 
ple's famous paper. Note 
short statement by Pres- 
ident Darrach that per- 
mission to meet was de- 
clined. Reprinted with per- 
mission from Annals of 
Surgery. 
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A request to Director Byrnes that the American Surgical 
Association be allowed to hold its meeting in May was politely 
but firmly refused. The Council has decided that the papers 
prepared for this meeting be published as a unit, without dis- 
cussion, as proceedings of the Association. 


William Darrach 
President 


THE PROBLEM OF PORTAL HYPERTENSION, IN 
RELATION TO THE HEPATOSPLENOPATHIES* 
ALLEN O. WHIPPLE, M.D. 


Whipple's memorial eulogy, if Whipple had one 
characteristic that stood above all others, it was his 
complete integrity. Therefore, it is important to analyze 
the thinking which led to the undertaking of this giant 
step. First, Whipple emphasizes over and over the 
complete lack of any satisfactory therapy for a 
condition which was a major cause of death in the 
patients who were being followed in the Spleen Clinic at 
‘the Columbia Presbyterian Medical Center. Secondly, 
the development by Blakemore and Lord? of a non- 
suture technique by which intima-to-intima healing 
had been achieved both experimentally and clinically 
made him optimistic that this advance in surgical 
technique would dramatically improve the patency of 
shunts. There is no reference to the work of Carrel, 
although these authors undoubtedly knew of his 
success with the suture technique. Carrel was widely 
publicized in newspapers and medical journals alike 
and he had worked since 1906 in New York at the 
Rockefeller Institute. However, the results of others 
using sutures had been so disappointing that it was 
widely held that intimal puncture by sutures in a venous 
system would lead to an inordinately high thrombosis 
rate. Finally, Whipple never really discussed the 
overriding issue of loss of portal flow or ‘‘loss of 
nutritional flow" to the liver. He was inherently 
worried about this phenomenon, however, as he cites 

two principle sources to substantiate his belief that the 
- total portacaval shunt might be tolerated reasonably 
well in man. The first was McIndoe’s cadaver perfusion 
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experiments,? performed while he was a Fellow in 
Surgery at the Mayo Foundation in Rochester, 
Minnesota. Publishing the paper as a single author, he 
describes his experience with an injection technique 
and estimation of flow in cadaver livers. Whipple refers 
to a startling statistic which is presented in the McIndoe 
paper; in no liver did the percentage of total portal flow 
perfusing the sinusoids exceed 13%. In some livers 
none of the portal flow reached the hepatic veins, and as 
an average, only 4-5% of the portal venous flow per- 
fused the liver. A loss of this small fraction, in patients 
carefully selected for portal systemic shunting, should 
be tolerated rather easily. However, in reviewing 
McIndoe's manuscript, several points illustrate the 
nonrepresentative nature of his experimental data. 
First, there were only four livers used in this aspect of 
his study, a sample size which is clearly inadequate for 
scientific validity. Secondly, the perfusion technique is 
not clearly outlined, but there was no attempt to control 
pressures on the collateral veins; flow through such 
collaterals would be far less, were they in the usual 
portal hypertensive system. Third, and most important, 
the four livers were specifically selected because they 
represented the most far advanced cirrhosis the author 
had seen. The livers were small, shrunken, and 
severely scarred. The phenomenon of spontaneous 
reversal of portal flow in cirrhosis is now well known, 
but the number of such patients is small, occurring in 
perhaps 546 of the clinical patient population. These 
latter data were, of course, unavailable to Whipple at 
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FiG. 4. Alfred Blalock (courtesy of the American College of 
Surgeons). 


that time and he was heartened by the fact that McIndoe 
concluded that most of the flow had already been 
shunted through collaterals and therefore an Eck fistula 
seemed logical to divert the flow into a harmless 
pathway. 

A second strongly supportive opinion came from a 
highly respected scientist and Nobel laureate, Dr. 
George Whipple, now of Rochester, New York. 
Whipple had long been involved in the study of anemias 
and utilized an inbred colony of dogs which he had 
maintained for literally decades. These dogs. a 
mixture of bull terrier and coach, were fed a very highly 
specialized and carefully monitored diet and for months 
at a time were placed on a very low-protein or no- 
protein diet. As an additional aspect of protein 
metabolism he was interested in the Eck fistula animal 
as a model for the study of various low protein diets. 
Under these circumstances, he had found that his dogs 
tolerated the Eck fistula with reasonable clinical well- 
being, although there were easily demonstrable ab- 
normalities.'? These dogs often lived several years and, 
as he informed Dr. Allen Whipple,'® appeared to be in a 
reasonable state of health. Of especial note in this 
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regard is the fact that the animals were maintained for 
much of the time on a very low-protein diet, a regimen 
used today in the management of chronic portasystemic 
encephalopathy. The fact that diet might significantly 
prolong the life of an Eck fistula animal is now being 
restudied. 

Stimulated by these facts: 1) the lack of any reason- 
able therapy for bleeding varices, 2) technical advances 
which promised to make the venovenous anastomoses 
successful, 3) an anatomic study proposing that portal 
flow in human cirrhosis was lost to the liver, 4) a 
laboratory experiment by a Nobel laureate indicating 
that laboratory animals could tolerate a portacaval 
shunt for many years, and 5) better supportive therapy 
for the patient with chronic liver disease, portacaval 
shunting was undertaken in man. There followed one of 
the most remarkable clinical achievements known to 
this author in the field of surgery. All ten patients 
involved in the first study, five splenorenal and five 
portacaval shunts, survived the operation and were 
discharged from the hospital. To those of you involved 
in the clinical management of cirrhotic patients, the 
enormity of this achievement will be clear. There are 
major medical centers in this country today that have 
not achieved 10 consecutive successful shunting pro- 
cedures in patients with cirrhosis. Whipple gives credit 
to his associates for this achievement, lauding their 
unbelievable tenacity and refusal to accept defeat." 

A final note on this important segment of surgical 
history is of great significance to the author and should 
be of interest to the members of this association. At the 
time of presentation of his paper in 1945, Whipple 
recorded that one other man had independently 
performed four splenorenal shunts. That man was Dr. 
Alfred Blalock (Fig. 4), the great Professor of Surgery 
at Johns Hopkins. Dr. Blalock had published earlier 
that year his classic paper on operation for congenital 
heart disease associated with pulmonary artery 
stenosis or atresia, and was acclaimed worldwide. 
However, few know of his interest in portal 
hypertension, nor the fact that he had performed four 
splenorenal shunts at the time of Whipple's presenta- 
tion. His interest in the subject continued and indeed he 
reported on his experience with portacaval shunts as a 
part of the First Edward D. Churchill Lecture to the 
Excelsior Surgical Club in Boston in 1946. The title of 
the paper was "The Use of Shunt or By-pass Operation 
in the Treatment of Certain Circulatory Disorders In- 
cluding Portal Hypertension and Pulmonic Stenosis.’ "* 

Whipple’s paper was published in October of 1945. 
The American Surgical Association had not been 
allowed to meet because of wartime conditions. How- 
ever, with war ending in the summer of 1945, the 
Southern Surgical Association met here at The 
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Homestead and, indeed, had the largest attendance in 
the history of the Association. During this meeting, à 
tiny bit of surgical history took place, but one which 
gives great insight into the tradition which has made the 
Southern Surgical Association so beloved by its 
members. During the business meeting ofthe third day, 
President Charles A. Vance of Lexington, Kentucky 
asked the Secretary to give the Council's Report. This 
he did in the usual fashion until the fourth recom- 
mendation of the Council. At that time, the Secretary 
recommended referral of this action until later. The 
eleventh action of the council was the election of 
officers with the President being Dr. Daniel C. Elkin of 
Atlanta, then Col. Elkin, Chief of Surgery at the 
Ashford General Hospital in White Sulphur Springs. 
After the usual congratulations and comments from the 
new President, Dr. Elkin inquired of the Secretary if 
there were any further reports. That Secretary was Dr. 
Alfred Blalock, and he replied, "The fourth recom- 
mendation in the report of the Council is very short, but 
very important. It is that Dr. Allen O. Whipple of New 
York be elected to Honorary Membership in the 
Southern Surgical Association." Dr. Burch moved 
approval of the recommendation of the Council, and it 
was seconded and passed. Dr. Whipple then com- 
mented: *‘I cannot help but rise to express my sincere 
appreciation for this great honor. As I grow older, I 
come to realize the importance of the amenities of 
friendship, culture, and distinction in societies, and for 
this reason I appreciate more than I can tell you the 
honor of being elected to the Association and I thank 
you from my very heart." President Elkin replied: 
“The Association is honored to have you on its roster, 
Dr. Whipple. I believe you are only one of two 
American surgeons now on the list of Honorary 
Fellows, the other being Dr. Matas."' And finally, in the 
closing statement of the meeting Dr. Elkin made this 
commentary which highlights the meaning of this 
Association: 
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This brings our meeting to a close. The Secretary 
informs me that one hundred and fifty-seven mem- 
bers are present and that the total attendance, 
including ladies and guests, is more than four- 
hundred, the largest attendance in the history of the 
organization. I see one member here who has at- 
tended 27 consecutive meetings since he was elected, 
Dr. Raymond P. Sullivan of New York. I think you 
will agree that this is a pretty good record even for a 
"Damn Yankee.” 
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Late Results of Reconstructive Surgery 


for Renovascular Disease 


GERALD M. LAWRIE, M.D., GEORGE C. MORRIS, JR., M.D., ISSAM D. SOUSSOU, M.D., DAVID S. STARR, M.D. 
ABRAHAM SILVERS, PH.D., DONALD H. GLAESER, D.Sc., MICHAEL E. DEBAKEY, M.D. 


In order to determine the late results of reconstructive surgery 
for renovascular disease, a review was made of a series of 505 
consecutive patients who underwent operation over a 20-year 
period. There were 257 males (50.9%) with an age range of 
3-80 years. Renal artery bypass grafts were used in 75.4% (471/ 
625) and thromboendarterectomy and/or patch angioplasty in 
15.0% (94/625) of reconstructions. Associated vascular 
procedures were performed in 38.0% (186/489) of patients. 
Operative mortality (30-day) was 1.8% (9/489) overall, and 
4.8% (9/186) with associated procedures but there was no 
operative mortality in 303 consecutive isolated renal artery 
reconstructions. The blood pressure was normal or improved in 
65% of patients at a mean follow-up interval of 49.3 months, 
range 1—240 months. The best response rate was obtained in 
younger patients with isolated renal lesions. Linear regression 
analysis showed age at operation to be the most important 
determinant of blood pressure response (p < 0.003) with the 
presence or absence of diffuse atherosclerosis as another but 
less powerful determinant of responsiveness (p < 0.07). Crude 
15-year survival was 70% (340/489). The overall five- and ten- 
year actuarial survival probabilities were 80 and 62% 
respectively. The most common causes of death were 
myocardial infarction, stroke, and cancer. Cox regression 
analysis for variables influencing survival indicated that age at 
operation (p < 0.001), sex (p< 0.01) and the presence or 
absence of fibromuscular disease (p — 0.002) were the major 
determinants of late survival with persistent severe hyper- 
tension exerting an important but lesser influence. The results 
of this study indicate that about two-thirds of patients will 
experience long-term relief of hypertension after operation and 
that the best long-term survival and blood pressure relief will be 
obtained in patients less than 50 years of age. Because 
hypertension in females is better tolerated, younger, male 
patients appear to have the most to gain from successful 
renovascular reconstruction. 


HE EFFECTIVENESS OF THE TREATMENT of hyper- 
tension of renovascular origin by reconstructive 
surgery is well documented.' ^ However, there has 
been little data available as to long-term reconstruction 
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patency and those factors most predictive of a 
successful outcome in regard to persistence of relief of 
hypertension, preservation of renal tissue, and improve- 
ment in late survival rates. Furthermore, the steady 
improvement and increasing availability of effective 
medical therapy for hypertension including progress 
with specific renin-angiotensin antagonists such as 
saralasin and captopril make it of increasing importance 
that only those patients are selected for surgical 
treatment who are most likely to achieve superior long- 
term relief of hypertension and late survival rates from 
operation. 

Thus the aim of this study was to document the late 
morphological and functional results of operation and 
to determine which preoperative factors most influ- 
enced late survival and the response of hypertension to ` 
operation. 


Materials and Methods 


Over a 20 year period 505 patients underwent 625 
reconstructive surgical procedures for renovascular 
disease. Their mean age was 50.0 years (range: 3—80 
years). There were 257 males (50.9%) and 248 females 
(49.1%). The clinical evaluation of these patients 
changed little over this time and previously has been 
reported in detail.^? In summary, all patients had 
severe hypertension preoperatively unresponsive to or 
poorly controlled with maximal medical therapy. All 
had undergone preoperative abdominal aortography and 
renal angiography which had demonstrated at least one 
renovascular lesion regarded as amenable to surgical 
correction. 

Ten patients with renal artery aneurysms and six 
patients with. fibrous bands producing renal artery 
obstruction will not be considered further, leaving 489 
patients for detailed analysis. 
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TABLE l. Surgical Technique Emploved in the Reconstruction 
of 625 Renal Arteries 





75.4% (471/625) 
15.0% (94/625) 


Aortorenal bypass graft* 
Endarterectomy + patch 


Graduated internal dilation 3.4% (21/625) 
Division of fibrous band = 1.0% (6/625) 
Excision of renal artery aneurysm + patch = 1.9% (12/625) 


Other renal procedures 3.4% (21/625) 





* Vein = 17.4% (82/471); dacron = 82.6% (389/471). 


Of these 489 patients, localized renal arterial lesions 
were present in 231 patients (47.2%). These patients 
were designated as the isolated renal disease group 
which consists of 100 patients (20.4%) with isolated 
fibromuscular disease and 131 (26.8%) with isolated 
atherosclerotic renal stenosis. 

In 258 patients (52.8%), the renal lesion clearly was 
associated with a generalized atherosclerotic process in 
that 186 patients (38.0%) had required correction of an 
associated atherosclerotic vascular lesion at the time of 
renal surgery (most commonly for an abdominal aortic 
aneurysm or aortoiliac occlusive disease). The remain- 
ing 72 patients previously had undergone or subse- 
quently underwent one or more vascular procedures. 
These 258 patients constitute the generalized athero- 
sclerosis group which also includes 13 patients with 
coexistent fibromuscular disease and diffuse athero- 
sclerosis. 

Overall, unilateral disease amenable to recon- 
struction was present in 68.9% (337/489) of patients, 
while bilateral lesions were present in 31.1% (152/489) 
of patients. The surgical procedures performed are 
summarized in Table | and details of the surgical 
techniques employed have been reported previously.” 

The patients were followed up by office visits, 
questionnaires, letters or telephone calls. In this way 
their survival status and postoperative blood pressure 
response could be evaluated. 

A normal blood pressure was defined as the presence 
of a systolic pressure less than or equal to 140 and/or a 
diastolic less than or equal to 90. Mild hypertension was 
defined as a systolic of over 140 but less than or equal to 
160 and/or a diastolic of over 90 but less than or equal to 
100. Severe hypertension was defined as the presence 
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of a systolic of over 160 and/or a diastolic pressure of 
over 100. It should be emphasized that systolic as well 
as diastolic hypertension were used in classifying these 
patients. When more than three follow-up blood 
pressures were recorded for an individual patient, the 
worst single pressure recording was omitted prior to 
classification of response. The presence or absence of 
medication for hypertension was not used in classifying 
the response to operation. 

For purposes of comparison of the results of this 
study with other series, the blood pressures obtained at 
the first and second follow-up evaluations were 
classified according to the diastolic blood pressure 
only, as normal if less than or equal to 90, mild if over 90 
but less than or equal to 100 and severe if over 100. 

From the follow-up data, Kaplan-Meier curves of 
survival probability were constructed. The variables 
influencing survival were determined by Cox re- 
gression analysis. A logistic regression analysis was 
used to determine the variables influencing the re- 
sponse of hypertension to renovascular reconstruction. 


Results 


Overall perioperative mortality (30-day) was 1.8% 
(9/489). There was no mortality in the 303 patients 
undergoing isolated renal artery surgery whereas in the 
group in which an associated vascular procedure was 
performed, the perioperative mortality was 4.8% 
(9/186). The causes of death were acute myocardial in- 
farction in four patients, stroke in two, and renal failure, 
respiratory failure and pulmonary embolus in one 
patient each. 

Late mortality occurred in 149 patients. Of these, 
40% (60) were from acute myocardial infarction, 19% 
(28) from stroke, and 9% (13) from carcinoma. Only 7% 
(10) were due to uremia. In 14% (20) of patients the 
cause of death was unknown. 

Survival status was determined for all patients at a 
mean interval of 81 months (range: 0—240 months). The 
overall survival probabilities at five and ten years were 
80 and 62% respectively. Males had lower survival than 
females with five- and ten-year rates of 69 and 49% 
compared with 91 and 7546 at five and ten years for 
females. Patients with fibromuscular disease had 


TABLE 2. Late Response of Blood Pressure to Operation for the Overall Experience and According to the Preoperative Pathology 


Fibromuscular 


Postoperative Blood Pressure Disease 
Normal (< 140/90) 43% (49) 
Mild hypertension 140/90, — 160/100 24% (27) 
Severe hypertension 160/100 33% (37) 

Total 100% (113) 


Isolated Renal Diffuse 
Disease Atherosclerosis Overall 
46% (104) 27% (67) 36% (171) 
27% (62) 31% (76) 29% (138) 
27% (62) 42% (102) 35% (154) 
100% (228) 100% (245) 100% (473) 
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TABLE 3. Classification of Short-term Blood Pressure Response 
According to the Diastolic Blood Pressure 
lV————————— —n-———— —;áÁ 

Postoperative 
Blood Pressure Follow-up 1 Follow-up 2 
í———»»»-——»—»—»—»———€————————— "XM 


Normal (<90) 719€ (337) 79% (327) 

Mild hypertension (>90, — 100 18% (86) 13% (54) 

Severe hypertension >100 11% (50) 8% (33) 
Total 100% (473) 100% (414) 





survival probabilities of 97 and 91% at five and ten years 
which were markedly superior to the figures of 75 and 
51% for atherosclerotic patients. 

Following discharge from the hospital the blood 
pressure of 98.5% (473/489) of patients was available 
from at least one postoperative evaluation and was 
available from two to ten separate late postoperative 
evaluations for 86.2% (414/489) of patients. The mean 
follow-up interval for blood pressure determinations 
was 49.3 months (range: 1-240 months). The response 
of blood pressure for the overall experience and that of 
each group of patients according to the preoperative 
pathology is shown in Table 2. 

The early blood pressure response according to the 
diastolic blood pressure alone is shown in Table 3. 

Normotensive and mildly hypertensive patients both 
had an identical five-year survival of 88% and the 10- 
year rates were 74 and 69% respectively. Severely 
hypertensive patients had marked depression of 
survival overall with a 79% five-year survival 
probability and 57% ten-year probability. Severely 
hypertensive females had a 90% five-year and 66% ten- 
year survival probability and fared much better than 
males whose corresponding figures were 65 and 43%. 

The results of the Cox regression analysis of 
variables influencing survival are shown in Table 4. Age 
at operation, sex, and the presence or absence of 
fibromuscular disease were shown to be highly 
significant in their effect on late survival. Persistent 
severe hypertension and diffuse atherosclerosis ap- 
peared to have some influence. 

The Kaplan-Meier curves of survival probability also 
demonstrated the dominant influence of age at 
operation. As shown in Figure 1, a dramatic reduction 


TABLE 4. Results of Cox Regression Analvsis for Variables 
Influencing Survival After Renovascular Reconstruction 


Unadjusted Adjusted 
Age p < 0.001 p < 0.001 
Sex p < 0.001 p < 0.01 
Fibromuscular disease p < 0.001 p < 0.002 
Persistent severe hypertension p « 0.005 NS 
Diffuse atherosclerosis p < 0.008 NS 
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FiG. 1. Kaplan-Meier curves of survival probability showing the 
influence on survival of age at operation (also see Figs. 2-8). 
A —— A: overall group. O —— O: all patients under 30 years. 
x X: all patients 30—49 years. @ @: all patients over 50 
years. 


in late survival occurred in patients operated on when 
50 years of age or older. As shown in Figure 2, the 
superior survival of the group undergoing operation 
before 50 years of age persisted even in the presence of 
a poor response of the blood pressure to operation. 

The importance of sex as a determinant of late 
survival also is demonstrated by the curves shown in 
Figures 3 and 4. Overall late survival was excellent for 
females with good blood pressure response. Males had 
accelerated mortality regardless of response to 
operation but the survival of normotensive males and 
females was superior to those of their severely 
hypertensive counterparts. 

The survival curves illustrated in Figure 5 emphasize 
that the prognosis for patients with fibromuscular 
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Fic. 2. The influence on late survival of the age at operation and the 
response of the blood pressure to operation. x x: normotensive 
30-49 years. O ©: normotensive over 50 years. 6 e: 
severe hypertensive 30—49 years. A A: severe hypertensive 
over 50 years. 
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Fic. 3. Influence of sex on survival-comparison of all patients. 
O —— O: all female patients. x x: all male patients. 





disease was excellent compared with that of patients 
with either localized or generalized atherosclerosis. 
Similarly patients with isolated renal atherosclerosis 
had a better prognosis than those with generalized 
atherosclerosis although it was still inferior to patients 
with fibromuscular disease. Figure 6 illustrates that 
some of this advantage persisted even in those patients 
with a poor blood pressure response to operation. 

A comparison of the influence of extent of 
atherosclerotic involvement on survival in males and 
females is shown in Figure 7. 

The influence on survival of the quality of response of 
the blood pressure to operationis illustrated in Figure 8. 
It is apparent that normotensive and mildly hyperten- 
sive patients have similar survival rates whereas 
patients with persistent severe hypertension have 
depressed late survival. 

The results of the logistic regression analysis for 
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Fic. 4. Influence on survival of sex and the response of the blood 
pressure to operation. X x: normotensive females. O —— O: 
normotensive males. A ——— ^: severely hypertensive females. 
O — O: severely hypertensive males. 
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Fic. 5. Influence on survival of the preoperative pathology. 
A A: all fibromuscular disease. X x: isolated renal 
atherosclerosis. O —— O: generalized atherosclerosis. 


variables influencing the response of hypertension to 
operation are shown in Table 5 and indicate the 
dominant influence of age at operation. The presence of 
diffuse atherosclerosis also appeared to have an 
adverse influence on the response of the blood 
pressure. 

Follow-up aortography was performed in 201 
patients with 262 reconstructed renal arteries at a mean 
interval of 31.5 months after operation (range: 0-195 
months). 

Overall patency was 78.2% (205/262). The patency 
rate was 76% (113/149) for the Dacron* bypass grafts, 
89.7% (35/39) for the saphenous vein bypass grafts, and 
82% (23/28) for arteries treated by endarterectomy and/ 
or patch graft angioplasty. 

In 28 patients (5.8% of the 489 patients) who had 
undergone 36 reconstructive procedures, late nephrec- 
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Fic. 6. Influence on survival of the preoperative pathology and the 
response of the blood pressure to operation. X x: fibro- 
muscular disease-normotensive. A A: all atherosclerosis— 
normotensive. 6 @: fibromuscular disease— severe hyper- 


tension. O O: all atherosclerosis — severe hypertensive. 
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Fic. 7. Influence on survival of sex. and isolated renal disease 
compared with generalized atherosclerosis. x x: isolated renal 





disease — males. x — — — X: isolated renal disease— females. O — ©: 
general atherosclerosis— males. © — — — ©: general atherosclerosis 
— females. 


tomy was performed because of persistent or recurrent 
hypertension. Of 12 endarterectomy and/or patch 
procedures, seven were patent (58%) on angiographic 
evaluation. There were 23 Dacron renal bypass grafts of 
which nine were patent (39%) and 14 occluded. There 
was one occluded saphenous vein graft. Pathologic 
examination of the kidneys removed from patients with 
patent grafts but persistent hypertension showed 
advanced nephrosclerosis. 

Following nephrectomy, seven (25%) patients be- 
came normotensive, 16 (57%) were mildly hyper- 
tensive, and five (18%) patients had persistently severe 
hypertension. 


Discussion 


The results of this study document the satisfactory 
long-term patency of renovascular reconstructions 
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operation. x x: all normotensive patients. 6 @: all mildly 
hypertensive patients. A —— A: all severely hypertensive patients. 
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performed in these patients. Renal function has been 
well preserved with only 28 of 607 reconstructed 
kidneys (4.6%) having been lost to nephrectomy. It was 
also gratifying that up to 20 years after operation in a 
group of severely hypertensive and frequently diffusely 
atherosclerotic patients, only 10 individuals (2%) were 
known to have died of uremia. 

The long-term relief or improvement of hypertension 
in about two-thirds of the patients is similar to the 
results of our earlier experience?’ and to that of others.? 
As would be anticipated, the best results were achieved 
in patients with isolated renal disease and the worst in 
patients with diffuse atherosclerosis (Figs. 5 and 7). 

It is important to emphasize the effect on the results 
reported here of the strict criteria chosen to define 
normotensive, mildly and severely hypertensive pa- 
tients and the influence of long-term follow-up in 
reducing the apparent success rate of operation. For 
example, by the strict criteria defined and used in the 
analyses in this report, 65% (309/473) of patients had a 
normal or mildlv elevated blood pressure after opera- 
tion. However, if only diastolic blood pressure was 
used as a criterion and if only the pressure recorded at 
the first or second follow-up evaluations were 
considered, 89 and 92% respectively of our patients 
would have been normotensive or mildly hypertensive 
after operation, (Table 3), despite the unusually large 
number of patients with diffuse atherosclerosis in this 
series. 

The dominant influence of age at operation dem- 
onstrated by this study is consistent with previous 
reports that operation is most effective when performed 


in younger patients? in whom prolonged severe -- 


hypertension has not yet produced irreversible changes 
in the vascular bed. 

Both the Cox multivariate analysis and Figures 4 and 
6 indicate that the group of patients with fibromuscular 
disease had excellent prospects for good late survival 
regardless of the response of their hypertension to 
operation. Because fibromuscular disease affected 
females predominantly (only 7 of 113 patients in this 
series were male) and because as shown by the Cox 
multivariate analysis and Figure 3, the prognosis of 
females was superior to males overall (Fig. 3) 
regardless of pathology, the female with fibromuscular 
disease whose hypertension can be controlled to a 


TABLE 5. Results of Logistic Regression Analvsis for Variables 
Influencing Response of Hypertension to 
Renovascular Reconstruction 


Unadjusted Adjusted 
Age p < 0.003 p < 0.003 
Diffuse atherosclerosis p < 0.01 p < 0.07 
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reasonable level with medical therapy would appear to 
have little to gain from operation, unless the 
hypertension was severe and unresponsive to medical 
therapy. In that case, operation could be performed 
with a good chance of achieving improvement in the 
blood pressure. 

Despite the poorer quantitative and qualitative 
response of hypertension in the older patients with 
diffuse atherosclerosis, we would still recommend, if 
other intra-abdominal surgery is required, that concom- 
itant renovascular reconstruction be performed for 
preservation of renal function and possible improve- 
ment of hypertension. 

Similarly in older patients with severe, uncon- 
trollable hypertension and a high grade renal artery 
stenosis, operation may be justified despite the greater 
risk of a poor response. However, in the older patients, 
and particularly males, with a history of multiple 
vascular procedures and diffuse atherosclerosis, the 
prospects for a good response of the blood pressure and 
improved late survival seem small and may not justify 
surgical intervention unless for the relief of uremia due 
to severe bilateral renal artery stenosis.?? 

This study indicates that the patient with the most to 
gain from operation is a male, who is under 50 years of 
age, and who has an isolated renal artery stenosis. In 
the presence of hypertension which cannot readily be 
controlled to levels of around 140/90 with tolerable 
medical therapy, as indicated by the results of the Cox 
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multivariate analyses and Figures 1, 2, 4, 5, 7, and 8, 
such a patient has an excellent chance of a good 
response to operation and a favorable probability of 
long-term survival. 

An aggressive diagnostic and surgical approach to 
such patients can be justified further by the recognition 
that over a period of years, many of these patients will 
deteriorate progressively and pass into the older group 
of patients in whom other atherosclerotic complications 
have developed and in whom the prognosis is not good 
even if a good blood pressure response subsequently is 
obtained from operation (Fig. 2). Thus, because of the 
extraordinary safety of surgery for isolated renovascu- 
lar disease documented in this report (no deaths in over 
300 patients), operation rarely is contraindicated in the 
presence of refractory renovascular hypertension due 
to a surgically correctable lesion. 
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DISCUSSION 


DR. GERALD M. Lawarle (Closing discussion): The main thrust of 
this paper is that, at a time when it is well accepted that the mecha- 
nism of production of renovascular hypertension, that is, abnormal 
renin production, can be effectively reversed by successful re- 
construction of a stenotic renal artery, it is important to look and 
see which patients are going to benefit most. We are in an era of 
improving medical therapy for hypertension, and, in fact. there are 
specific renin antagonists now coming on the clinical scene. such as 
saralasin and capritol, which may be able to supplant surgery in some 
cases of refractory renovascular hypertension. 

Our feeling at the moment is that any patient who has refractory 
and intractable renovascular hypertension should be offered sur- 
gery, because even in our worst group, the diffusely atherosclerotic 
patients, the older patients, we still had a 30% cure rate for reno- 
vascular hypertension. So the patient with intractable malignant 


hypertension, who has an extraordinarily bad prognosis, may have 
a 30% chance of cure with surgery. 

However, the real reason for treating hypertension is to prolong 
survival, and this is the area we were most anxious to look at. and 
we had a unique opportunity, I think, with the experience and the 
length of follow-up we had available. This analysis shows quite 
conclusively the independent influence on survival of several factors 
which are quite unambiguous —age, sex, and pathology. These were 
completely independent variables. All other variables we looked 
at expressed themselves through these variables. 

And I think this is important, because none of the preoperative 
indices have proven to be particularly helpful in regard to patient 
selection — that is, the intravenous pyelogram, renal scan, and renin 
levels. 

And so I think now we are in a position to say that the patients in 
whom we should concentrate our efforts to make the diagnosis are 
those hypertensive males younger than 50 years of age, who have the 
most to gain from a surgical procedure. 


Asymmetric Congenital Deformity of the Ribs 


Collapse of the Right Side of the Chest 


MARK M. RAVITCH, M.D. 


A congenital deformity of the chest is described in which all of 
the ribs and costal cartilages on the right side are deeply 
depressed, the apex of the depression being much farther 
lateral than is usual in pectus excavatum. The sternum is not 
depressed or scaphojd but is usually rotated to the right, 
sometimes markedly. The right breast is smaller than the left 
breast. Four of the patients were female and one was male. A 
single unsatisfactory experience demonstrated that rigid 
internal fixation is required. In the other four patients, triple 
section of the costochondral elements and appropriate elevation 
and fixation to Steinmann pins passed through the derotated 
sternum and to a Rehbein splint passed anterior to the sternum 
have given excellent results. 


N AN EXPERIENCE with congenital deformities of the 
I chest which now includes well over 500 patients 
operated on, we have had occasion in the past to 
comment, frequently enough, on pectus excavatum, 
which accounts for 80% of all of the deformities, pectus 
carinatum, less than 10% in our own series, Poland's 
syndrome, less than 5%, the still rarer varieties of 
sternal cleft, and finally a mixture of bizarre chest 
deformities, the most severe being associated with 
multiple spinal anomalies, hemivertebrae, etc.' The 
present report is concerned with a group of five 
patients, four females and a male, all having a distinct 
and rather characteristic deformity. In each of these 
patients, this has been an asymmetric deformity of the 
chest in which all of the ribs on the right side were 
deeply sunken and in which there was a variable degree 
of rotation of the sternum to the right, 90° in some 
patients, a slight tilt in others. The left side of the chest 
in all of these patients seemed to be little deformed, if at 
all. We have not recognized any physiologic defect in 
these patients although the intrathoracic lebensraum is 
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obviously compromised. The heart is not compressed 
or significantly displaced—the feature we believe of 
principal physiologic significance in pectus excavatum. 
Because there is some rotation of the sternum, because 
there is a deep depression of the costal cartilages and 
the ribs, although it is unilateral and substantially 
further lateral than is usually seen in pectus excavatum 
and because the breast on the right is underdeveloped, 
as is often seen in pectus excavatum, and because the 
sternum, when rotated is rotated to the right as is true 
also in pectus excavatum, there is a natural tendency to 
suppose that this might be an associated deformity. 
However, there is no depression or any scaphoid 
deformity of the sternum, whether it is rotated or not. In 


none of the patients was there any family history of ° 


chest deformity. It is true, of course, that in the 
ordinary pectus excavatum, the incurvation of the ribs 
and costal cartilages on the right side is deeper than on 
the left. But with the exception of these five patients, 
we have not seen any in whom the cartilages on the left 
were normal, and obviously all of the others have had a 
depression of the sternum, which none of these five 
patients had. Wada’ has referred to something called a 
unilateral funnel chest which, he says, is not amenable 
to correction by the turnover operation which he 
prefers for pectus excavatum and which he treats by 
"costal sternoplasty.'" We have been unable to be cer- 
tain from his text whether he is, in fact, describing the 
condition here under consideration. The apparent 
frequency of his cases suggests he is dealing with 
asymmetrical pectus excavatum. 

It is of some interest that all of these patients were in 
midadolescence when seen. None had any other 
recognized congenital abnormalities. 

The operation which we have come tois as illustrated 
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Fic. 1A. Correction of unilateral costal depression. 
The minimally involved first rib is not disturbed. 
There are deep angulations of ribs II- VII and, in 
this patient, a very sharp rotation of the sternum to 
the right. There is no depression of the sternum. The 
apex of the deformity is in the ribs lateral to the 
costochondral junction, whereas in pectus exca- 
vatum, it is, of course, in the sternum, or at the 
chondrosternal junction if the sternum is rotated. 
Through a bilateral, submammary incision, the 
pectoral muscles have been reflected laterally. 
Short segments of the costal cartilages on the right 
are removed subperichondrially. An anterior oste- 
otomy with a bone cutter is performed in the bony 
ribs lateral to the deformity, retaining the posterior 
cortex, to permit a green-stick fracture when the rib 
segments are lifted forward. The cartilages on the 
left side are not deformed except as they turn to 
meet the rotated sternum. Small wedge chondrot- 
omies are performed on the left to permit derotation 
of the sternum. 
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in Figure 1!A—E. While a unilateral incision is quicker 
and easier to make than a bilateral transverse 
submammary incision, it handicaps one in placing the 


steel structural support across to the left side and, in 
addition, is potentially more disfiguring than a bilateral 
submammary incision. 


Fic. 1B. Transverse sec- 
tion at the level of the 
fourth ribs. The schematic 
diagram indicates the wedge 
chondrotomy on the left, 
the resection of costal car- 
tilage on the right close to 
the sternum, the notching 
of the rib on the right 
laterally, and a simple tran- 
section of the rib at the 
depth of the concavity, 
somewhat lateral to the 
costochondral junction, so 
that when the costochondral 
elements are lifted forward, 
the concavity will be elim- 
inated. 
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Fic. IC. The derotation of 
the sternum is accomplished 
by an anterior sternal oste- 
otomy in the first interspace 
and a complete transection 
of the right half of the 
sternum so that the sternum 
can be twisted to the pa- 
tient’s left, still attached 
superiorly by half of the pos- 
terior periosteum, and pos- 
sibly some bony fragments. 


Fic. ID. The chest wall has been re- 
constructed. Two Steinmann pins through 
the sternal marrow lie on the chest wall 
lateral to the deformity, the ends underneath 
the pectoral muscles. The wires pass under 
the chest wall on the right emerging medial to 
the lateral osteotomy in the rib. The ends are 
looped to prevent migration. The costochon- 
dral segments on the right are secured to the 
Steinmann pins with heavy synthetic sutures. 
Similarly, the third costal cartilage on the 
right is secured with a heavy suture passed 
around the Rehbein splint. The short, angled 
arm of the splint has been inserted into the 
marrow of the second rib on the right, the re- 
mainder passing anterior to the sternum and 
ribs which are suspended from it by heavy 
sutures. In some cases, a heavy suture is 
taken through the anterior surface of the 
manubrium on the right, proximal to the 
osteotomy, passing through the posterior 
surface of the manubrium below the osteot- 
omy, helping to maintain the derotation. A 
suction catheter has been placed in the 
mediastinum, although it is equally satisfac- 
tory to incise the pleura on the right and 
insert an intercostal tube to collect the 
drainage resulting from the multiple oste- 
otomies. 
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Fic. IE. The two lowest cartilages on the right abut 
the sternum and the repair of the sternum is so solid 
that it appears safe to suture these to the sternum. The 
pectoral muscles are sutured back to each other and 
to the sternal midline and inferiorly to the recti. The 
xiphoid, which had been divided in the original 
mobilization of the sternum is not sutured back to the 
sternum. 
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The operation (Figs. IA—E) consists in laying bare 
the framework of the chest wall by reflection of the 
pectorals and the recti, triple section of the costochon- 
dral elements parasternally, (Fig. 1B), at the depth of 
the depression which is usually far lateral to that seen in 
ordinary pectus excavatum, and laterally just beyond 
the depression, usually in bony rib. Medially, (Fig. 1A) 
we have usually excised a section of cartilage and, 
laterally, (Fig. 1B) we have tried to produce a green- 
stick fracture of the ribs so that when the entire concave 
section was lifted forward, the chondrotomy medially 
and the costal osteotomy laterally would close at the 
same time that the osteotomy at the depth of the 
deformity would open up. In our single male patient, 
this produced such a remarkable correction and seemed 
to be so well retained by sutures, the middle of the three 
osteotomies being held open by a plug of rib bone 
sutured into it, that we used no skeletal support. The 


entire deformity recurred within two months of 
operation. The other patients have all had combinations 
of support with Steinmann pins or Steinmann pins with 
a Rehbein? splint. The Steinmann pins were passed 
through the sternum which was rotated appropriately. 
The ends of the Steinmann pins being closed in a loop, 
lay on the chest wall under the pectoral muscles. The 
small end of the Rehbein splint is inserted into the rib 
marrow through a hole in the anterior cortex beyond the 
lateral rib cut and the splint laid across to the other side. 
anterior to the sternum, the sternum and the intercostal 
elements being suspended from the arching Rehbein 
splint by heavy sutures (Fig. 1D). The costochondral 
elements are similarly sutured to the Steinmann pins 
(Fig. 2). If the sternum is rotated (always to the right) a 
sternal osteotomy (Fig. 1C) permits derotation. The 
result in all four females was excellent. In a single 
patient, a wound infection developed, discharging inter- 
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Fic. 2. X-ray of patient after operation showing the Rehbein splint 
above the two Steinmann pins. 


mittently through a sinus in the wound. Twenty 
months later, the old scar was excised, the breasts 
elevated, and the infection found to extend down to the 
heavy synthetic sutures which were around the 


DISCUSSION 


DR. J. ALEX HALLER (Baltimore, Maryland): I rise to ask Dr. 
Ravitch a question, because occasionally questions are useful in giving 
a teacher a chance to give us further information. 

| would like to ask Dr. Ravitch why he feels so strongly, both 
having said so and written to his abstract, that this is not related 
to the pectus excavatum deformities. There is growing evidence 
that these defects are related to some abnormality in the growth 
potential of the cartilage connecting the ribs to the sternum. And, 
therefore, it is not inconceivable to me, Dr. Ravitch, that this could 
be unilateral. 

Specifically, this cartilage appears to be abnormally grown on the 
right side. It is holding that part of the chest in, and it is even tilting 
the sternum, because the other side is not participating in it. 
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Fic. 3. Patient before and after operation. Note the sunken right chest 
and the smaller breast on the right, pointing to the left. The thickened 
scar is occasioned by the fact that, in this patient, infection occurred, 
and after 20 months, the two Steinmann pins were removed through 
the same incision. The chest remains stable, and the chest wall 
symmetrical on the two sides. 


Steinmann pins. The Steinmann pins and the sutures 
were removed and the wound, closed with suction 
drainage, healed by first intention. The excellent 
operative correction has been maintained as in the 
other three patients with internal fixation. 
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As you have pointed out before, many of the patients who have a 
pectus excavatum deformity will have a rotational abnormality of 
the sternum, often to the right side. Could this not simply be an 
extension of that abnormality, and therefore fit into the overall pic- 
ture of pectus excavatum? 


DR. MARK M. RavıTcuH (Closing discussion): It obviously may 
be that this is asymmetrical funnel chest. There are only two as yet 
not conclusive bits of information. One is the fact that in a couple of 
these the sternum itself was totally uninvolved. And the other is— 
it's not binding when my whole series is only five—is that there 
was not any other type of congenital chest deformity in any of the 
families of these people. And frequently, as you know, we'll find 
funnel chests or pigeon breasts in the same family. 

This may, indeed, be unilateral funnel chest, but there isn't a 
funnel: and I have thought it's a very special group of patients. 


Detrimental Effects of Removing End-expiratory Pressure 
Prior to Endotracheal Extubation 


STEPHEN J. ANNEST, M.D., MARC GOTTLIEB, M.D., WILLIAM H. PALOSKI, M.S., HOWARD STRATTON. PH.D., 
JONATHAN C. NEWELL, PH.D., ROBERT DUTTON, M.D., SAMUEL R. POWERS, JR., M.D. 


Patients recovering from acute respiratory insufficiency are 
usually not extubated until they can ventilate adequately while 
breathing spontaneously at ambient end-expiratory pressure 
(T-tube). It is hypothesized that this period of T-tube breathing 
might be detrimental to gas exchange since the endotracheal 
tube abolishes the expiratory retard produced by the glottis and 
thereby inhibits the patient's ability to maintain adequate 
functional residual capacity (FRC). To test this hypothesis, 
pulmonary function of 17 patients was compared during T-tube 
breathing and Continuous Positive Airway Pressure (CPAP) 
and after extubation. Intrapulmonary shunt was higher 
(p < 0.05) and arterial Po, and FRC were lower (p — 0.05) 
during T-tube breathing than during CPAP or after 
extubation. In contrast, shunt, Pao, and FRC were similar 
during CPAP and after extubation. Furthermore, after 
extubation there was an increase (p — 0.05) in mean expiratory 
airway pressure as compared to T-tube breathing. A 
comparison of patients extubated from T-tube with patients 
extubated from CPAP showed no difference in postextubation 
shunt, Pao, or FRC. These data suggest that endotracheal 
intubation should be accompanied by low levels of CPAP and 
that patients should be extubated directly from CPAP. The 
practice of placing patients in T-tube prior to extubation should 
be abandoned as unnecessary and potentially harmful. 


EMOVAL OF THE ENDOTRACHEAL tube from patients 
R recovering from acute respiratory insufficiency is 
usually preceded by assessing the patients' ability to 
ventilate adequately following extubation. Elevated 
end-expiratory pressure is a therapeutic intervention! 
and it is presumed that recovered patients should 
maintain good pulmonary function without it. There- 
fore, a commonly used test is to remove the elevated 
end-expiratory pressure and require the patient to 
breathe through his endotracheal tube for a period of 
time at ambient end-expiratory pressure (T-tube).*^ We 
have frequently observed that during this T-tube test, the 
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patient's blood gases deteriorate from levels measured 
during continuous positive airway pressure (CPAP) 
breathing, but that after extubation the blood gases 
improve. This observation suggests that the endotra- 
cheal tube, in the absence of elevated end-expiratory 
pressure, inhibits the patient's ability to maintain 
oxygenation. We hypothesize that the normal glottis 
functions as an expiratory retard. An endotracheal tube 
removes this normal mechanism for elevating expira- 
tory pressures and thus inhibits the patient's ability to 
maintain a normal functional residual capacity. 

We studied 17 patients before and after extubation in 
order to test whether gas exchange and expiratory 
airway pressures are impaired when the patient breathes 
by T-tube as compared to either CPAP or extubation. 
We found that gas exchange and expiratory pressures 
were impaired with T-tube breathing and that this 
impairment could be reversed either by returning to 
CPAP or by extubation. We recommend that endotra- 
cheal intubation always be accompanied by elevated 
end-expiratory pressure and that patients should be 
extubated directly from low levels of CPAP when they 
can maintain adequate ventilation on that regimen. 
Furthermore, we feel that the T-tube test should be 
abandoned since it is more rigorous than necessary to 
test the patient's ability to ventilate adequately after 
extubation. 


Methods 


We studied 14 patients who had been intubated for 
acute respiratory insufficiency and three other patients 
who had been intubated for airway protection or 
anesthesia administration (Table 1). In each case, the 
patient had undergone improvement or reve 
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TABLE 1. Clinical Patient Histories 





Patient 


Number Age Sex Diagnosis at Intubation 





l 76 F Following drainage of abdominal wall 
hematoma while being treated for 
pulmonary emboli 

2 80 F Postabdominal perineal resection 

3 61 M Spontaneous rupture of distal esophagus 

4 58 F Intra-abdominal sepsis after 
hemigastrectomy 

3 28 M Fat emboli following multiple trauma 

6 60 M Respiratory insufficiency after abdominal 
aortic aneurysm resection 

7 62 M Intra-abdominal sepsis after biliary 
decompression 

8 67 M Addisonian crisis after abdominal 
perineal resection 

9 62 M Intra-abdominal sepsis after sigmoid 
resection 

10 64 M Aortobifemoral bypass, femoral popliteal 
bypass, prolonged time under 
anesthesia 

11 39 M Aspiration pneumonia with empyema, 
emergency subtotal gastrectomy for 
massive upper gastrointestinal bleed 

12 92 M Bowel obstruction secondary to 
incarcerated inguinal hernia 

13 67 F Strangulated adhesive bowel obstruction 

14 48 M Abdominal aortic aneurysm resection 

15 22 M Head injury requiring airway protection 

16 51 M Ruptured cecum 

17 67 M Anesthesia elective thoracoabdominal 


splenectomy 


factors precipitating his respiratory insufficiency 
before the study began. The patient was judged ready 
for extubation when all of the following criteria were 
met: 1) arterial oxygen tension (Pa,,) greater than 80 
torr while breathing an inspired oxygen fraction of 0.4 
with 5 cm H,O CPAP; 2) respiratory rate less than 30 
breaths per minute; 3) tidal volume greater than 5 ml/kg; 
4) vital capacity greater than 15 ml/kg; 5) arterial carbon 
dioxide tension (Pa...) less than 48 torr; 6) physiological 
deadspace/tidal volume ratio (V5/V4) less than 0.6; 7) 
intact cough and gag reflexes. These criteria are similar to 
those of others*? except that we applied them with the 
patient breathing with 5 cm H,O CPAP. 

All patients admitted to the study had previously 
received a flow-directed balloon-tipped pulmonary 
artery catheter and an indwelling arterial catheter. At 
each data collection step, we measured mean arterial 
blood pressure, heart rate, cardiac output and limb 
blood flow. We also measured hemoglobin concentra- 
tion and partial pressures of oxygen and carbon dioxide 
in arterial, mixed venous and femoral venous blood and 
in mixed expired gas. In 11 ofthe patients, we measured 
functional residual capacity. 

All pressure measurements were made at end- 
expiration using strain gauge transducers. Cardiac 
output was measured by dye dilution using indocyanine 
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green and limb blood flow was measured by venous 
occlusion plethysmography.'* Partial pressure of oxy- 
gen and carbon dioxide were measured using standard 
electrodes calibrated with gases analyzed by the micro- 
Scholander technique. Expired gas was well stirred in a 
mixing chamber before being analyzed. Functional 
residual capacity was measured using the multiple 
breath nitrogen washout technique. ^ 

Intrapulmonary shunt was calculated by Berggren's 
shunt equation* at the patient's therapeutic inspired 
oxygen fraction. V5/V. was calculated using the Suwa 
and Bendixen modifications of the equations of Enghoff 
and Bohr.'? Oxygen content was calculated by: 


O; content = (.0031) Po, + (1.39) x (Hb) x (%Hb Sat) 


where the hemoglobin concentration (Hb) was meas- 
ured spectrophotometrically and the per cent hemo- 
globin saturation (%Hb Sat) was calculated by 
algorithms summarized by West and Wagner.'’ Oxygen 
delivery (O;,) was calculated by multiplying cardiac 
output times arterial oxygen content. Oxygen con- 
sumption (V,,) was calculated by the Fick method: 


Vo, = CO x (Arterial O, content 
— Mixed venous O, content) 


where CO is the cardiac output. 

Physiologic data were first collected while the patient 
was breathing through his endotracheal tube with 5 cm 
HO CPAP. The elevated end-expiratory pressure was 
then removed and after a 30 minute equilibration period 
a second set of data was collected (T-tube). Nine of the 
patients were randomly selected for extubation and the 
remaining eight were returned to 5 cm H,O CPAP. 
Following another equilibration period, the data 
collection was repeated under these conditions. The 
final step was to extubate those patients who had been 
returned to 5 cm H,O CPAP, wait for equilibration and 
repeat the data collection. Only FRC data was collected 
on the three patients intubated for airway protection. 
All patients were observed for 48 hours to determine 
whether reintubation was necessary. 

Ventilatory support during all study steps was pro- 
vided by a volume ventilator.* During spontaneous 
breathing, this ventilator supplies inspired gas through 
a demand valve which is actuated by the patient's 
inspiratory efforts. End-expiratory pressure is reg- 
ulated by a pneumatically controlled valve in the airway 
circuit. Studies at the CPAP steps were done while the 
patient was spontaneously breathing through the 
demand valve with the end-expiratory pressure set to 5 
cm H,O above ambient pressure. In order to assure 


* Bourns Bear 1; Bourns Life Systems Division, Riverside, CA. 


Vol. 191 e No. 5 


END-EXPIRATORY PRESSURE REMOVAL 


TABLE 2. Physiologic Data During the Three Ventilatory Modes 
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CPAP T-tube Extubation Significance* 
Shunt (^c) 16.2 + 1.5* [8.7 = 1.9 15.1 = 1.5 

(n = 13) (n = 13) (n = 13) EXT < CPAP < T-tube 
Pa,, (mmHg) 107 + § 98 + 5 108 + 6 

l (n = 13) (n = 13) (n = 13) T-tube < CPAP < EXT 

FRC (L) 2.10 + .30 1:76: 3430 2.34 + .40 

(n = 10) (n = 10) (n = 8) T-tube < CPAP < EXT 
Vo, (ml/min) 215 + 13 216 + 18 251 + 21 

(n = 13) (n = 13) (n = 13) CPAP < T-tube < EXT 
O, (ml/min) 915+ 91 934 + 110 1015 + 110 

É (n — 13) (n = 13) (n = 13) CPAP < T-tube < EXT 

CI (L/min) $42 3 3.42 3 3.6 3k 3 

(n= 13) (n = 13) (n = 13) CPAP - T-tube « EXT 
V/V, 50 x02 50 02 3 = 03 

(n = 11) (n = 12) (n = 11) CPAP = T-tube < EXT 
HR (beats/min) 103 + 6 101 + 5 106 + 5 

(n = 13) (n =- 13) (n = 13) T-tube < CPAP < EXT 
LBF (ml/min 100 g) 1.9 = .3 20 x 2.4 + .4 ——— 

(n = 10) (n = 10) (n = 10) CPAP < T-tube < EXT 
Paco, (mmHg) 41.3 + 1.1 39.7 = 4:4 39.5 > 1.7 —— 

(n = 13) (n = 13) (n = 13) EXT < T-tube < CPAP 

* Mean + S.E. ventilation. The bars indicate that LBF is not statistically different 


between CPAP and T-tube or between T-tube and extubation but 
that LBF is significantly higher (p < 0.05) after extubation than 
during CPAP breathing. 


* Bar over study steps indicate that they are statistically in- 
distinguishable. For example: The mean value of LBF is less at CPAP 
than T-tube and greater at extubation than at any other mode of 


constant Fi,,, T-tube breathing was administered by 
having the patient breathe spontaneously through the 
demand valve with the end-expiratory pressure set to 
ambient pressure. During the postextubation study, the 
patient's nose was clamped and breathing was done 
through the demand valve via a mouthpiece, with end- 
expiratory pressure set to ambient pressure. 

Airway pressures were measured before and after 
extubation in two of the 17 patients presented above 
and in six additional patients following elective surgery. 
A hard plastic catheter, with 1.5 mm outside diameter, 
was passed through the endotracheal tube into the 
trachea. Airway pressures were then recorded with a 
strain gauge transducer during spontaneous breathing 
with ambient end-expiratory pressure. The endotra- 
cheal tube was then removed over the catheter, leaving 
the tip of the catheter in the trachea. Airway pressures 
were then recorded in the extubated patient. Three to 
seven breaths were analyzed. The areas beneath the 
expiratory portion of the airway pressure curves were 
computed by trapezoidal approximation. The mean 
expiratory pressure was calculated by dividing the 
computed area by the expiratory time. The I:E ratio is 
the ratio of inspiratory time to expiratory time during 
the respiratory cycle. 

Data were analyzed for statistical significance using 
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FRC DURING T-TUBE BREATHING (L) 





O 2 4 
FRC DURING CPAP BREATHING (L) 


FıG. 1. Comparison of functional residual capacity (FRC) between 
T-tube and CPAP breathing. The solid line is the line of identity and 
the dashed line is the line of best fit. 
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FRC DURING T-TUBE BREATHING (L) 


Q 2 4 
FRC AFTER EXTUBATION (L) 


Fic. 2. Comparison of functional residual capacity (FRC) between 
T-tube breathing and postextubation breathing. The solid line is the 
line of identity and the dashed line is the line of best fit. 


Student’s paired and grouped t-tests. Because there 
was no obvious dependent variable, the line of best fit 
was determined by a least squares fit calculated using 
the leading component of principal component analysis 
of the data. Significance was defined at the p = 0.05 
level. Patients were selected for this study in 
accordance with institutional guidelines for informed 
consent and the Declaration of Helsinki. 


Results 


Pulmonary function of the 17 patients in this study 
showed a deterioration during T-tube breathing that 
occurred within 30 minutes following the removal of 
CPAP. This impairment was manifested by a significant 
increase (p < 0.05) in the mean intrapulmonary shunt 
and a significant decrease (p < 0.05) in the mean Pap, 
and in the mean FRC of the group (Table 2). Within 30 
minutes following removal of the endotracheal tube, 
the mean shunt had decreased (p < 0.05) and the mean 
Pao, and the mean FRC increased (p < 0.05) (Table 2). 
Intrapulmonary shunt, Pao,, and FRC were statistically 
indistinguishable between CPAP and extubation. 
Oxygen delivery, oxygen consumption, cardiac index, 
and physiological deadspace/tidal volume ratio (V p/ Vr) 
were not changed between CPAP and T-tube, but each 
increased significantly (p — 0.05) at extubation (Table 
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2). Arterial Pco, was unchanged throughout the study 
as were heart rate and limb blood flow. 

Functional residual capacity values measured during 
T-tube breathing were compared with those measured 
during CPAP breathing (Fig. 1) and after extubation 
(Fig. 2). A comparison was also made between FRC 
measured during CPAP breathing and after extubation 
(Fig. 3). We found that all three of these comparisons 
could be combined on one chart to allow simultaneous 
assessment of the effects of each ventilatory mode (Fig. 
4). This chart is a planar hexagonal graph. Each pair 
of boldface axes, labeled with a ventilatory mode, 
corresponds to one set of axes in the previously de- 
scribed figures. The lighter axes on this chart corre- 
spond to the identity lines and the dashed lines repre- 
sent lines of best fit of the data. This chart shows that 
FRC is lower during T-tube breathing than during 
CPAP breathing or after extubation. CPAP and ex- 
tubation are similar ventilatory modes with respect to 
functional residual capacity. 

Intrapulmonary shunt and Pao, are presented in a 
similar manner in Figures 5 and 6. Intrapulmonary 
shunt is higher during T-tube breathing than during 
CPAP or extubation, whereas there is no difference in 
shunt between CPAP and extubation (Fig. 5). Arterial 
Po, is lower on T-tube breathing than with either CPAP 
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FRC DURING CPAP BREATHING (L) 





O 2 4 
FRC AFTER EXTUBATION (L) 


Fic. 3. Comparison of functional residual capacity (FRC) between ~ 
CPAP breathing and postextubation breathing. The solid line is the 
line of identity and the dashed line is the line of best fit. 


CPAP 
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or extubation but shows no difference between CPAP 
and extubation (Fig. 6). | 

In comparing the group extubated directly from 
CPAP (Group 1) to the group extubated from T-tube 
(Group 2) there was no difference in postextubation 
shunt, Pao, or FRC (Table 3). One of these patients (#12) 
required reintubation after 24 hours. The changes in his 
pulmonary function parameters were nevertheless 
consistent with those of the other patients reported here. 

In the eight patients whose airway pressures were 
measured, the mean expiratory pressure rose (p < 0.05) 
in all eight following extubation (Table 4). There was 
also a significant decrease (p < 0.05) in I:E ratio fol- 
lowing extubation. (Table 4). 


Discussion 


Our results indicate that the detrimental effects of 
breathing through a T-tube are due to a reduction in 
mean expiratory airway pressure that is reversed fol- 
lowing extubation. Our data showing higher mean ex- 
piratory airway pressures and shortened I:E ratios 
following extubation are consistent with our hypothesis 
that the glottis functions as an expiratory retard. These 
results are similar to those of Harrison? who showed a 
40% decrease in Pao, on intubating infants with Respira- 
tory Distress Syndrome. Harrison also noted that the 
extubated infant exhibited a prolonged expiratory 
phase (1:E = 1:3) as a result of grunting, which was 
abolished (I:E = 1:1) when the infants were intubated 
without low levels of CPAP. He proposed that an endo- 
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Fic. 4. Simultaneous assessment of the effects of the three ventila- 


» tory modes on functional residual capacity (FRC). The three bold- 
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face lines are coordinate axes for FRC in each of the three ventilatory 
modes. The lighter solid lines are lines of identity for their adjacent 
pairs of axes. The dashed lines are lines of best fit for the data. 
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Fic. 5. Simultaneous assessment of the effects of the three ventila- 
tory modes on intrapulmonary shunt. The three boldface lines are 
coordinate axes for shunt in each of the three ventilatory modes. The 
lighter solid lines are lines of identity for their adjacent pairs of axes. 
The dashed lines are lines of best fit for the data. 


tracheal tube prevents the natural function of the glottis, 
since without the glottis, the infants’ grunting mechanism 
is inhibited, resulting in their inability to maintain an 
adequate transpulmonary pressure. Our results in adults 
show that the glottis appears to function as an expiratory 
retard. Inhibition of this glottic function may eliminate the 
ability to achieve adequate transpulmonary pressures 


Pa0, T-TUBE 





EXTUBATED 


Fic. 6. Simultaneous assessment of the effects of the three ventila- 
tory modes on Arterial Po, (Pay). The three boldface lines are 
coordinate axes for Pao, in each of the three ventilatory modes. The 
lighter solid lines are lines of identity for their adjacent pairs of axes. 
The dashed lines are lines of best fit for the data. 
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TABLE 3. Comparison of Extubation from CPAP (Group 1) 
to Extubation from T-tube (Group 2) 


CPAP T-tube CPAP Extubated 
Shunt (%) 
Group 1 LE 2 IIEL? 152917 FAte he 
(n = 6) (n = 6) (n = 6) (n = 6) 
Group 2 15.5 - 2.3 18.4 + 3.4 167 € 3.3 
(n = 7) @ (n = 7) — (n — 7) 
Significance NS NS — NS 
Pay, (mm Hg) 
Group | 109 + 6 97 = 5 112 € 8 103 — 8 
(n = 6) (n = 6) n — 6) (n = 6) 
Group 2 105 + 9 99 + 8 104 + 8 
(n = 7) (n = 7) — (n = 7) 
Significance NS NS — NS 
FRC (L) 
Group | 1[90 2 43 1.772 40 2,73 £53 209 € .38 
(n — 4) (n = 5) (n — 4) (n — 4) 
Group 2 2.20 + .40 1.86 + .45 2.10 + .65 
(n = 6) (n = 6) — (n = 5) 
Significance NS NS — NS 
* Mean + SEM. 


and thereby maintain a normal functional residual 
capacity. 

The addition of low levels of CPAP has been shown 
to increase Pay, and decrease intrapulmonary shunt in 
adults?!*^ and to prevent respiratory insufficiency in 
those patients at high risk of developing it.'^'^ The 
physiologic mechanism whereby both CPAP and ex- 
tubation improve pulmonary function is the main- 
tenance of positive expiratory airway pressure. Nor- 
mally, expiratory airway pressure is elevated above 
ambient pressure and the expiratory phase of the 
respiratory cycle is prolonged in comparison to the 
inspiratory phase. These phenomena imply that there is 
an expiratory airway resistance above the trachea that 
we presume to be due to the glottis. The normal 
function of the glottis is consistent with this concept 
and placement of an endotracheal tube removes the 
resistance created by the glottis. 

Previous work corroborates the concept of an 
expiratory retard. Variation of I:E ratio and airway 
pressure waveform in a group of intubated patients 
demonstrated that arterial P,, is directly related to 
mean airway pressure.? It must be noted, however, that 
mechanical events in the airway may not be the only 
cause of pulmonary function change with elevated 
airway pressure. These phenomena can also be ex- 
plained by alterations in ventilation- perfusion relation- 
ships due to changes in pulmonary vascular resistance." 

The present study indicates that extubation increases 
the physiological deadspace/tidal volume ratio above 
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levels seen during CPAP or T-tube breathing. This is 
probably a manifestation of the increased anatomical 
deadspace that results when the endotracheal tube is 
removed. The oxygen delivery and consumption fol- 
lowing extubation was significantly higher than during 
either CPAP or T-tube breathing. This may be due to 
mechanical factors such as increased airway resistance 
or to the increased cardiac output. We have previously 
reported that oxygen consumption increases with in- 
creased oxygen delivery." 

Breathing through an endotracheal tube with ambient 
end-expiratory pressure is deleterious to pulmonary 
function. In one of our patients, who began the study 
with a high intrapulmonary shunt, these deleterious 
effects were sustained at least 30 minutes following 
extubation. With this one exception, none of the 
patients in this study required reintubation during the 
48 hour observation period. Also, there was no sig- 
nificant difference between the group extubated from 
CPAP and the group extubated from T-tube in mean 
values of intrapulmonary shunt, Pao, or FRC following 
extubation, indicating that patients can be extubated 
directly from CPAP without adverse consequences. 
Other investigators?? have reported that both infants 
and adults can be successfully extubated from low 
levels of CPAP without deleterious effects. Our results 
are consistent with these and we have also shown T- 
tube breathing to impair pulmonary function. There- 


TABLE 4. Airway Pressure and I:E Ratio Before 
and After Extubation 


Mean 
Expiratory LE 
Patient Mode Pressure* Ratio 

A T-tube .95 1:1.86 
Ext 5.10 1:3.55 

B T-tube :53 1:1.86 
Ext 1.43 1:2-13 

E T-tube 1.29 1575 
Ext 2.04 1:.67 

D T-tube 1.33 1:11.22 
Ext 2.58 12,70 

E T-tube 12 1:.85 
Ext 4.18 1:1.78 

F T-tube 1.15 1:.45 
Ext 1.36 1:2.13 

G T-tube 1.02 1:1.24 
Ext 2.26 1:21:22 

H T-tube .42 1:1.21 
Ext .60 1:1.53 

Mean + SEM T-tube .81 + .16 LELIS = .17 
Ext 2444 + .53 E1296 34.34 
* cm H,O. 
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fore, we feel that all intubated patients should be 
maintained on elevated end-expiratory pressure. We 
recommend that all patients should be extubated 
directly from low levels of CPAP if they can ventilate 
adequately on that regimen and furthermore that the T- 
tube test for extubation should be abandoned as 
unnecessary and potentially harmful. 
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DISCUSSION 


DR. GEORGE C. Morris, JR. (Houston, Texas): For years I have 


K felt the best way to find out if a marginal patient will do all right 


without the respirator is to extubate him. My routine is to extubate 
patients when the house staff and the nursing staff have the time to 
observe the patients for a little while. 


DR. Lewis H. BosHER, JR. (Richmond, Virginia): Certainly one 
good reason for extubating promptly is that it saves money. There's 
a good deal of money tied up in doing blood gas studies, and you can 
save money simply by taking the tube out. 

However, my reason for getting up here is to comment on one 
custom that I think we have gravitated to in recent years, and that 
is, in patients who need ventilatory support, in opting to leave the 
endotracheal tube in place for periods of time, sometimes five or 
seven days, rather than doing a tracheostomy. 

And certainly we have all noticed, and particularly in patients 
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in the elderly age group, that some of these patients have consider- 
able difficulty in coughing after extubation, after the endo- 
tracheal tube is left in for a period of days. 

My question to the author is: Is there also hypoxemia induced 
in these patients postextubation, by reason of interference with the 
glottis, because the endotracheal tube has been left in place for such 
a long period of time? 

And I think his paper suggests that maybe we should return to the 
custom of doing tracheostomy at an earlier date, rather than leav- 
ing an endotracheal tube in place for days at a time and causing 
some functional disturbance of the glottis. 


DR. CHARLES ECKERT (Closing discussion): As for Dr. Bosher's 
question, with modern endotracheal tubes and cuffs we do very few 
tracheostomies. It should also be emphasized that a tracheostomy 
bypasses the glottis and has the same effect as the T-tube. 

If the criteria for extubation have been vigorously followed, 
hypoxemia should be seen very infrequently. In the present study 
only one patient required reintubation. 


Diagnosis and Treatment of Cannula-related 
Intravenous Sepsis in Burn Patients 


BASIL A. PRUITT, JR., M.D., F.A.C.S., COL, MC, WILLIAM F. MCMANUS, M.D., F.A.C.S., LTC, MC, 
SEUNG H. KIM, M.D., MAJOR, MC, RICHARD C. TREAT, M.D., MAJOR, MC 


Suppurative thrombophlebitis was identified in 193 (4.2%) of 
4,636 burn patients treated during the years 1960—1978. A 
single vein was involved in 162 patients, while 31 had multiple 
vein involvement. The distribution and incidence of suppura- 
tion in individual veins reflected the frequency of cannulation, 
with an increase in the use of central vein cannulae, during the 
last 10 years, paralleled by a rise in central vein suppuration. 
The infecting organisms reflected the patients’ surface flora. 
Local signs of infection were present in less than half (35%) of 
the patients and recovery of a positive blood culture in a clinic- 
ally septic patient was the most frequent clinical presentation 
prompting exploration of previously cannulated veins. Patho- 
genetic mechanisms are identified and criteria defined for de- 
termining the extent of excision necessary. Ninety veins were 
excised from 75 patients during the 1969 — 1978 period, of whom 
30 (40%) survived (three other patients with antibiotic treated 
central vein disease also survived). Treatment failure was at- 
tributable to inadequate excision in 12 patients, suppuration 
within another unexcised vein in eight patients, hematogenous 
dissemination of infection in five patients in whom the local 
disease had been eradicated, and other disease in 20 patients. 
Prophylaxis must emphasize limited duration of cannulation. 
Timely diagnosis and treatment can effect maximum salvage 
and reduce the likelihood of systemic dissemination. 


UPPURATIVE THROMBOPHLEBITIS, which may de- 
S velop in any previously cannulated vein, occurs 
with unusually high frequency in burn patients. The 
susceptibility of the burn patient to this complication 
results from a combination of factors, i.e., prolonged 
and recurring need for intravenous infusion, frequent 
use of hyperalimentation fluids, a high density of sur- 
face microorganisms, frequent episodes of bacteremia 
secondary to wound manipulation, the impairment of 
host defense capabilities due to burn injury per se, 
and, in some instances, the treatment or therapeutic 
agents employed. This intraluminal infection is not only 
locally destructive, but can also serve as the source 
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of bacteremia, septicemia, hematogenous pneumonia, 
and acute endocarditis or myocarditis, leading to over- 
whelming sepsis and death. In order to define the char- 
acteristics of this iatrogenic disease and identify 
means by which diagnosis and treatment can be re- 
fined, we have reviewed our experience with this com- 
plication as it occurred in 193 of 4,636 burn patients 
treated during a 19 year period. 


Materials and Methods 


The hospital records of 4,636 burn patients, treated 
at the US Army Institute of Surgical Research be- 
tween January 1, 1960 and December 31, 1978, were 
reviewed and 193 patients identified as having had 
suppurative thrombophlebitis. The clinical charts of 
those 193 patients were then reviewed in detail, as were 
the autopsy reports of those within that group who 
expired. In each case the location and number of veins 
involved in the septic process were determined and 
the microbiologic findings related to the patient’s 
clinical course and the pathologic findings. 

Particular attention was given to the review of that 
subgroup of 117 patients in whom suppurative throm- 
bophlebitis was diagnosed during the past ten years, 
January 1, 1969 to December 31, 1978. The presence 
or absence of clinical signs was determined as were 
the results of vein exploration and biopsy, the adequacy 
of surgical treatment, survival rate, and the presence 
of remote septic processes having probable origin from 
the site of vascular infection. 

Selected surgical and autopsy specimens were 
reviewed and morphologic findings related to etiology 
and pathogenesis of intravenous infection. A diagnosis 
of suppurative thrombophlebitis was made when intra- 
luminal pus was identified grossly, when pus and micro- 
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TABLE 1. Suppurative Thrombophlebitis —Veins Involved 











Total 
1960— 1968 1969— 1978 1960— 1978 
(76 patients) (117 patients) (193 patients) 
Veins involved 

lower limb 56 (68.2) 61 (41.8) 117 
upper limb 19 (23.2) 38 (26) 27 
jugular 4 (4.9) 15 (10.3) 19 
central veins 3.(3.7) 32 (21.9) 35 
Total 82 146 228 


———————————————————————————99———— ———À 


Numbers in parentheses indicate per cent of total veins within 
group. 


organisms were identified on histologic examination 
of biopsy or excision specimens, or when only pus 
and inflammatory changes were noted on histologic 
examination and culture of the contents of the speci- 
men showed bacterial growth. In three patients, the 
diagnosis of suppurative thrombophlebitis was made 
on the basis of multiple positive blood cultures and 
venographic evidence of central vein thrombosis. 


Results 


Suppurative thrombophlebitis was identified in a 
total of 193 (4.2%) of the 4,636 burn patients treated 
during the entire 19 year period. In the subgroup of 
2,707 patients treated during the last ten years of the 
study period, 117 (4.3%) were found to have sup- 
purative thrombophlebitis in one or more veins. Sup- 
purative thrombophlebitis was present in a single vein 
in 162 patients of the total group, in two veins in 27 
. patients, and in three veins in four patients. 

The occurrence of infection in individual veins re- 
flects the frequency of cannulation of such veins. Dur- 
ing the years 1960— 1968, as previously reported from 
this Institute, the saphenous vein was the site of intra- 
luminal sepsis in 68.3% of instances, while only four 
of 228 (4.9%) and three of 228 (3.7%) infections were in 
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jugular and central veins, respectively.” In the more 
recent ten-year period, only 61 of 146 (41.8%) of in- 
fections occurred in lower limb veins, while 15 of 146 
(10.3%) and 32 of 146 (21.9%) infections occurred in 
jugular and central veins, respectively (Table 1). In 
those patients with central vein involvement during 
the past ten years, the suppurative process occurred 
in the femoral and/or iliac vein in 13 instances, the sub- 
clavian vein in 13 instances, the brachiocephalic vein 
in four instances, and the vena cava in two instances. 
The frequency of cannulation and consequently of 
suppurative involvement of veins of the upper limb 
has remained quite constant across time. The changes 
in the distribution of vein involvement reflect the fact 
that in recent years veins other than those in the lower 
limb have been preferentially used for insertion of intra- 
venous cannulae and central veins have been cannulated 
with much higher frequency as a route for administra- 
tion of hypertonic nutrient solutions and monitoring. 
In the 1969-1978 subgroup, the afflicted patients 
ranged in age from ten months to 74 years, with the 
majority being in the young adult (15 to 40 years) age 
group—-a reflection of the age distribution of our pa- 
tient population. The extent of burn ranged from 13 to 
95% of the total body surface, with a mean of 52.4%. In 
the 33 patients who survived both the intravenous in- 
fection and the burn injury, burn size ranged from 14 to 
61% of the total body surface, with a mean of 42.8%. 
Local signs of infection were recorded in only 68 of 
the entire group of 193 patients, and in only 44 of the 117 
patient subgroup treated during the years 1969— 1978. 
The most frequent presentation was that of a positive 
blood culture in association with clinical Sepsis. 
Clinical sepsis was indexed by hyperpyrexia, hy- 
pothermia (relatively infrequent in those patients 
with intraluminal infection caused by gram-positive 
organisms), altered mentation (disorientation, obtunda- 
tion, or agitation), glucose intolerance, and in severe 
cases hypotension and oliguria. In the 27 patients en- 


TABLE 2. Relationship Between Burn Wound Flora and Organisms Recovered From Infected Veins (1967—1978) 


Percentage of Patients with Positive Wound Cultures 


— M M — MM MÀ M 


Predominant Organisms Recovered 





Pseudomonas Providencia 


From Infected Veins Year Staphylococci Aeruginosa sp. 
1967 20 8 
1968 18 54 32 
| 1969 30 76 31 
"- TS 2 wis i " 1970 53.8 70.3 48.1 
Gram-negative Organisms 4 Providencia stuartii 1971 612 352 34 
1972 69.6 40.2 49.5 
1973 73.6 34.8 39.3 
1974 73.0 35.5 41.6 
1975 58.5 57.4 8.5 
Staphylococci 1976 51.7 39.1 — 
1977-78 72.5 46.1 — 
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TABLE 3. Results of Vein Excision 





Patients treated by excision 


(Number of veins excised — 90) 75 
Survivors 30 
treatment failures 

inadequate excision 12 

undiagnosed infection in another vein 8 

hematogenously disseminated disease 5 

other disease 20 





countered in the years 1975 through 1978, only 12 had 
local signs, while all had clinical signs of sepsis and 
positive blood cultures (Staphylococci in 19 patients) 
were recovered in all but three patients. 

The organisms causing suppurative thrombophlebitis 
in these patients varied in prevalence throughout the 
study period and reflected the flora which colonized 
or infected their burn wounds (Table 2). The introduc- 
tion of new organisms into the burn ward produced 
what were essentially miniepidemics, which altered the 
ecology of the wounds and changed the frequency, 
across time,with which particular organisms were 
recovered from foci of intravenous suppuration. As 
previously reported, Staphylococci were the causative 
agent in the vast majority of cases of this infectious 
complication during the period 1960 through 1966.” 
During the years 1967 through 1974, gram-negative 
organisms as a group predominated with Providencia 
stuartii emerging as a significant pathogen in 1968 and 
serving as the predominant member of the infecting 
gram-negative organisms in the years 1969 through 
1972. Since that time, the gram-negative organisms as a 
group and P. stuartii in particular have receded in fre- 
quency, with the latter not recovered from an infected 
vein since 1974. In the four years, 1975 through 1978, 
Staphylococcus aureus again became the causative 
organism in the vast majority of cases of suppurative 
thrombophlebitis being present in association with 
another organism (two patients) or as the sole infect- 
ing orgnaism (14 patients), in 16 of 22 patients with that 
complication treated during those years. Yeasts and 
fungi occurred as the sole infecting organism in 15 
veins, and in association with bacteria in 15 veins. 
Candida species were the most common nonbacterial 
organisms cultured from infected veins. Candida sp. 
were present in a total of 17 veins, being the sole in- 
fecting organism in eight veins, and found in associa- 
tion with bacteria in nine veins. Aspergillus sp. and 
Fusarium sp. were the true fungi most often recovered 
from foci of intravenous suppuration. 

In the 1969-1978 subgroup, excision of one or more 
veins was performed in 39 of the 44 patients with local 
signs. Excision was not carried out in the other five 
patients on the basis of a negative biopsy report in 
two, positive venographic confirmation of disease in a 
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central vein in two, and death of one patient before 
a positive biopsy report was returned. Biopsy of a vein 
suspected of harboring suppurative thrombophlebitis 
was performed in 20 of the 44 patients with local signs, 
with six biopsies reported as showing no evidence of 
infection. 

During the recent ten-year period, the diagnosis of 
suppurative thrombophlebitis was first made at the time 
of postmortem examination in 25 patients. Seventy- 
five of the remaining 92 patients underwent excision 
of one or more veins for diagnosis or treatment of 
suppurative thrombophlebitis (Table 3). A single vein 
was excised from 62 patients, two veins were excised 
from 11 patients, and three veins were excised from 
each of two patients. Thirty (40%) of those patients 
survived both the intraluminal infection and their burn 
injury. An additional three patients, in whom the diag- 
nosis of suppurative thrombophlebitis was made on 
the basis of positive blood cultures and venographic 
confirmation of central vein disease, survived following 
treatment with antibiotics to which the infecting 
organisms were sensitive. In the 45 patients who died 
following excision, the causes of failure were con- 
sidered to be: inadequate excision in 12, undiagnosed 
infection in another vein in eight, the effects of dis- 
seminated sepsis which had spread hematogenously 
prior to excision in five, and the effects of other disease 
such as burn wound sepsis, diffuse bronchopneumonia 
and associated mechanical injury, e.g., brain trauma, 
in 20. In the latter group, no evidence of residual 
intravenous infection was evident at postmortem exam- 
ination. In 13 patients the diagnosis of suppurative 
thrombophlebitis was entertained but excision was not 
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Fic. 1. Large infected thrombus in iliac vein discovered at post- 
mortem examination. Note longitudinal intimal ulceration with focal 
intimal hemorrhage (arrow) which resulted from cannula tip trauma 
and served as point of origin for thrombus formation. 
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FIG. 2a. Surface seeding and focal pro- 
liferation of bacteria (dark masses) on an in- 
travenous fibrin thrombus. 
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carried out because of inadequate biopsy or in- 
adequate exploration of a vein with unidentified 
proximal suppuration in nine patients, or biopsy 
of a vein other than the one harboring infection 
in four patients. In the remaining patient, the results 
ofa biopsy specimen were returned within 24 hours, but 


following the patient's death. 


The potential of a focus of suppurative thrombophle- 


bitis to serve as a source of distant organ dissemination 


" was indicated by the identification of hematogenous 
pneumonia in 11 patients and of acute bacterial endo- 
carditis and/or myocarditis in nine of those patients 


at the time of autopsy examination. In five of these 
patients, the hematogenous spread was considered to 


have occurred prior to the successful eradication of 


local intravenous disease. 


Discussion 


Suppurative thrombophlebitis, which may occur 
in any previously cannulated vein, has occurred In pa- 
tients with burns limited to 13% of the total body sur- 
face, but is more common in those patients with ex- 
tensive burns, reflecting the greater need for and 
prolonged use of intravenous cannulae and the im- 
paired host resistance in such patients. It is in this group 
of patients that catheter hygiene and brevity of can- 
nulation is critically important yet so difficult to realize. 

The paucity of clinical signs of suppurative thrombo- 
phlebitis in the burn patient and the close correlation 
of organisms recovered from blood cultures with those 
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Fic. 2b. Infected thrombus showing dark masses of bacteria within 
the thrombus which also shows (12 o clock) focal liquifaction. Note 
in center of field the area of suppuration between thrombus and 
vein wall and below that, involvement of vein wall in the septic 
inflammatory process. 
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Fic. 2c. Lower power view of an infected thrombus with dark 
masses of bacteria covered by a fibrin membrane. Such encapsulation 
of infecting organisms reduces the effectiveness of antibiotic 
therapy and explains why it is possible for blood cultures to be 
negative while local destruction progresses. 


recovered from foci of suppurative thrombophlebitis, 
speak for close monitoring of the patient's clinical 
condition and blood culture results. Recovery of a 
positive blood culture from a burn patient with clinical 
sepsis and no other identifiable source of infection man- 
dates examination of every previously cannulated vein 
and. in the absence of local signs, exploration of such 
veins. The variety of organisms recovered from in- 
fected veins during the entire 19-year study period in- 
dicates that no positive blood culture can be ignored. 
The current predominance of Staphylococci, which are 
largely methicillin resistant, as causative agents of 
suppurative thrombophlebitis makes the recovery ofa 
blood culture positive for such organisms of particular 
importance. Blood culture recovery of a Staphylococ- 
cus should alert one to the possibility that suppurative 
thrombophlebitis is present and therapy with an anti- 
biotic agent to which that organism is sensitive (van- 
comycin is a commonly employed agent) should be 
promptly instituted and continued while the source of 
sepsis is sought. 

There appear to be at least two pathogenetic mecha- 
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nisms involved in the development of suppurative 
thrombophlebitis and a third mechanism whereby 
intraluminal suppuration can occur. In six patients of 
the 1969-1978 subgroup, seven veins which had not 
been cannulated were invaded directly by bacteria 
proliferating in and invading through the burn wound. 
In each of those patients a diagnosis of invasive burn 
woutid sepsis of at least focal nature was made. In the 
other 111 patients the suppuration occurred in a 
previously cannulated vein. Mechanical intimal irrita- 
tion by the cannula (Fig. 1), which may be amplified by 
the pH?, osmolality, or toxic properties of the infused 
fluids promotes thrombus formation within the vein at 
the level of the cannula tip. The postburn elevation of 
circulating clotting factors, described by Curreri and 
associates, may predispose the burn patient to such 
thrombus formation and to rapid accretion of clot.” The 
resulting thrombus is subsequently seeded by blood 
borne bacteria, bacteria introduced through the 
intravenous cannula, or bacteria that migrate alóng the 
intravenous cannula. The former means of thrombus 
seeding is considered to be the most frequent in burn 
patients since we have documented bacteremia in 
association with slightly more than one-fifth of all 
wound manipulation procedures, such as cleansing and 
wound debridement, with the incidence of bacteremia 
directly related to extent of burn and extent of wound 
manipulation. The seeding of the surface of sucH a 
thrombus and local bacterial proliferation are evident in 
Figure 2a, with extensive suppuration noted in Figures 
2b and 2c. In the three patients in whom venography 
confirmed the diagnosis of subclavian involvement, 
purulent drainage from the cannula site was noted, 
indicating that pericannular migration was a possible 
means of seeding in those patients. Peters and 
associates have reported that fibrin sheaths and clots 
form on intravenous cannulae per se, with fibrin sheath 
formation inversely related to the rate of blood flow in 
the cannulated vein and directly related to the 
percentage of the vessel diameter occluded by the 
cannula.? Those investigators noted such fibrin sheath 
formation in less than 24 hours following insertion of 
the cannula and observed that the amount of material 
deposited increased with time of cannula residence. In 
one patient in this series, an infected thrombus was 
identified attached to the intravenous cannula, but lying 
free within the lumen of the subclavian vein. Although 
this finding was a rarity in this group of patients, it does 
suggest that vascular injury is not a prerequisite for the 
occurrence of intraluminal suppuration and speaks 
strongly for limiting the duration of cannulation to 
reduce thrombus formation on the cannula. 

Although infected veins were noted in and excised 
from one patient on the day after burning, the occur- 
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FiG. 3. Occurrence of suppurative thrombo- 
phlebitis in toto and in central veins by bien- 
nium for years 1969—1978. 


Patients With Suppurative Thrombophlebitis 


rence of suppurative thrombophlebitis increases with 
increasing duration of cannulation and is infrequent 
in veins in which a cannula has resided for less than 
48—96 hours.! In the past ten years emphasis has been 
placed on limiting the duration of cannula residence at 
any one site to no longer than 72 hours. Stratification 
of the 1969—1978 subgroup by biennium reveals a 
progressive decrease in incidence of suppurative 
thrombophlebitis during that time period (Fig. 3). The 
lower incidence of suppurative thrombophlebitis in 
recent years, 1.4% in 1977— 1978 vs. 6.9% in 1969— 1970, 
suggests (unproven, since the thoroughness of search 
for this disease may differ between pathologists) that 
the limitation on duration of cannulation has been 
successful in reducing the incidence of this complica- 
tion. The increased use of central vein cannulae is re- 
sponsible for the increasing proportion of central vein 
involvement during that ten-year period and may also 
contribute to the lower overall incidence of the disease 
because of the high flow, large caliber characteristics 
of such veins. 

Catheter composition has been shown to influence 
the severity of venous intimal damage and the occur- 
rence of thrombus formation.'® In the vast majority 
of these patients, polyethylene cannulae were used. 
Silastic cannulae, which are unequivocally less trau- 
matic to the vein intima and may be left in residence 
for prolonged periods in other patients cannot be con- 
sidered risk-free nor employed for prolonged cannula- 
tion in the burn patient. In recent months, we have 
excised infected veins from two patients in whom silas- 
tic cannulae were employed in an attempt to reduce the 
occurrence of this complication. 

The diagnosis of suppurative thrombophlebitis can 
often be made clinically by the identification of pus 
within the lumen of a vein when the process involves 
a peripheral vein. When this diagnosis is entertained, 
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each previously cannulated vein should be closely ex- 
amined, particularly that portion of the vein wherein 
the cannula tip lay. If there are no local signs of in- 
fection present, the veins should be explored be- 
ginning with the most recently cannulated vein and, if 
that vein is negative on adequate exploration, pro- 
ceeding to the next most recently cannulated vein. in 
turn, until the diagnosis is confirmed or excluded for 
each previously cannulated vessel. If access to the vein 
was gained by "'cut-down'"' procedure, the incision 
should be opened and any residual ligatures on the vein 
removed. The vein is ‘‘milked’’ by digital pressure, 
beginning proximal to the estimated site of the pre- 
viously resident catheter tip and proceeding distalward 
to the site of cannulation. Extrusion of pus confirms 
the diagnosis. If unaltered blood extrudes, that vein 
can be considered uninvolved, at least in that area. If 
nothing, or if clotted blood extrudes, one should expose 
that portion of the vein where the cannula tip lay and 
open the vein in that area (Fig. 4). In the case of veins 
to which access was gained by percutaneous cannula- 
tion, exploration in this manner must be the initial ex- 
ploratory procedure. Identification of intraluminal pus 
again confirms the diagnosis of suppurative thrombo- 
phlebitis. If there is intraluminal clot and no grossly 
evident pus, that section of the vein should be excised 
and the specimen of vein with contained clot sent for 
both histologic examination and quantitative cultures. 
The identification of micro-organisms in the clot or the 
vein wall or marked inflammatory changes with posi- 
tive culture results, are indicative of intravenous 
infection. The importance of adequate exploration at 
the site where the catheter tip resided is indicated by the 
fact that in nine of the patients in the 1969—1978 sub- 
group, an inadequate biopsy specimen or exploration 
confined to the area of the prior cannulation site failed 
to reveal suppuration present within that vein at a more 
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proximal location with which all nine patients died. 
In a few cases, intraluminal suppuration has been 
identified within that portion of the vein distal to a 
cut-down site and that portion of the vein should be 
examined and explored in similar fashion to prevent 
such as focus of infection from going undetected. 
The failure of treatment in 12 patients during the 
recent ten-year period reflects both the extensive 
proximal propagation of this disease which can occur, 
and the frequent presence of proximal *'skip'' areas in 
which relatively normal appearing nonoccluded vein 
may be interspersed between areas of frank suppura- 
tion. These characteristics of the disease speak for 
excision of the entire length of the involved vein from 
the point of cannulation to the point where that vein 
becomes a tributary of the next larger order of veins. 
In selected cases, a more limited procedure has been 
carried out with excision carried proximally only to 
a point where the vein wall showed no further evidence 
of inflammation. For such an excision to be considered 
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FiG. 5. Massive infected thrombi involivng central veins of upper 
thorax first discovered at autopsy. The right sugclavian (RSC) vein 
has been opened and the central vein cannula can be seen in-situ 
leading to a large partially obstructing infected thrombus (IT;), 
which extends into the right brachiocephalic vein and superior vena 
cava (SVC). Note also the large infected completely obstructing 
thrombus (IT,) extending beyond the cut edge (arrow) of the left 
brachiocephalic vein (LBC). 
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FiG. 4. Surgical specimen showing tena- 
ciously adherent bland thrombus within 
distal saphenous vein extending from can- 
nulation site (to left) to point of suppuration 
at site of previously resident cannula tip 
(arrow). Such clots prevent the extrusion of 
pus from the vein and, if biopsied, will 
usually be found to be uninfected. 


adequate, transection of the vein at this point must re- 
veal no mural thickening of the proximal vein from 
which brisk bleeding of unaltered blood should occur. 
Mural thickening or sluggish back bleeding, which may 
originate from communicating veins distal to a more 
proximal focus of suppuration indicates a need for more 
extensive excision. In two of the surviving patients, a 
persistent septic course following initial limited ex- 
cision led to a more extensive excision of the same 
vein and removal of residual proximal suppuration. 

The frequency of multiple vein involvement is in- 
dexed by the presence of suppuration in an unexplored 
and unsuspected intravenous location in an additional 
eight patients who died following excision of one or 
more infected veins. If excision of one or more veins 
is not followed by clearing of sepsis and clinical im- 
provement, another intravenous site of infection should 
be sought and, if identified, excised as was done in 
three of the surviving patients from whom multiple 
veins were sequentially excised. 

The importance of early diagnosis and prompt treat- 
ment of suppurative thrombophlebitis is indicated by 
the finding of disseminated disease, mainly hematog- 
enous pneumonia, and/or acute bacterial endocarditis 
or myocarditis in five of the patients who died, but 
in whom the prior excision had eradicated the sup- 
purative intravenous process. The hematogenous 
spread of sepsis to other organs in those five patients 
had presumably occurred prior to the time of excision, 
although embolization of infectious material may have 
occurred as a result of operative manipulation. 

The three surviving patients in whom central vein 
suppurative thrombophlebitis was diagnosed on the 
basis of blood culture and venographic findings were all 
treated with systemically administered antibiotics 
to which the invading organisms, Staphylococci, were 
sensitive. One of those patients also received heparin 
therapy in response to the occurrence of pulmonary 
emboli. Single plane venography may be helpful in 
making the diagnosis in those patients with extensive 
disease and, although biplanar views are preferred, 
they, too, may be unrevealing. Suppuration in the 
infrarenal vena cava may require caval ligation as was 
carried out in one patient during the recent ten-year 
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period. Femoral and even iliac veins have been excised 
to remove infected thrombi, but excision has not been 
employed in the treatment of suppurative thrombo- 
phlebitis of the central veins ofthe upper thorax. Others 
have reported use of the Fogarty catheter to extract 
infected thrombi from the central veins of the upper 
thorax,’ but we have treated all such patients with 
maximum doses of antibiotics and, when indicated. 
heparin. Although, as noted earlier, the increased use 
of central venous cannulae may have decreased the 
overall incidence of suppurative thrombophlebitis, 
infections within those veins, as has been noted by 
others,*? pose a much greater diagnostic and thera- 
peutic challenge (Fig. 5). 

The current characteristics of suppurative thrombo- 
phlebitis in burn patients and the changes in that disease 
which have occurred during the past decade, provide 
information on which prophylaxis and patient manage- 
ment can be based. If possible, a vein underlying un- 
burned skin should be used to obtain access to the 
venous system while minimizing the risk of cannula 
site infection and pericannular migration of micro- 
organisms. Strict cannula and intravenous line asepsis 
must be observed to minimize intracannula con- 
tamination and the period of intravascular residence 
for an individual cannula should be no longer than 
necessary and should be limited to a maximum of 
72 hours. A positive blood culture report and clinical 
sepsis in a burn patient with no other identifiable source 
of infection should heighten one's index of suspicion 
that suppurative thrombophlebitis has developed in a 
previously cannulated vein. All previously cannulated 
veins of such patients must be thoroughly explored 
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and any identified focus of infection adequately ex- 
cised. Timely surgery and systemic antibiotic therapy 
will reduce the risk and consequences of hematog- 
enous dissemination of these infections to remote or- 
gans and effect maximum salvage. 


Acknowledgments 


The authors express their thanks to Mr. Lee R. Newman for his 
archival assistance and to Ms. Gloria D. Manning for secretarial 
assistance. 


References 


l. Bentley DW, Lepper MH. Septicemia related to indwelling 
venous catheter. JAMA 1968; 206: 1749-1752. 

. Curreri PW, Katz Al, Dotin LN, Pruitt BA, Jr. Coagulation 
abnormalities in the thermally injured patient. Curr Topic Surg 
Res 1970; 2: 401-411. 

3. Fonkalsrud EW, Pederson BM, Murphy J, Beckerman JH. Re- 
duction of infusion thrombophlebitis with buffered glucose 
solutions. Surgery 1968; 63: 280—284. 

4. Jarrett F, Maki DG, Chan CK. Management of septic throm- 
bosis of the inferior vena cava caused by Candida. Arch 
Surg 1978; 113: 637—639. 

5. O'Neill JA, Jr., Pruitt BA, Jr., Foley FD, Moncrief JA. Sup- 
purative thrombophlebitis— A lethal complication of intra- 
venous therapy. J Trauma 1968; 8:256—267. 

6. Peters WR, Bush WH, Jr., McIntyre RD, Hill LD. The devel- 
opment of fibrin sheath on indwelling venous catheters. Surg 
Gynecol Obstet 1973; 137:3- 7. 

7. Pruitt BA, Jr., Stein JM, Foley FD, et al. Intravenous therapy 
in burn patients: Suppurative thrombophlebitis and other 
life threatening complications. Arch Surg 1970; 100:399.-404. 

8. Sasaki TM, Welch GW, Herndon DN, et al. Burn wound manipu- 
lation-induced bacteremia. J Trauma 1979; 19:46—48. 

9. Warden GD, Wilmore DW, Pruitt BA, Jr. Central venous 
thrombosis: A hazard of medical progress. J Trauma 1973: 
13:620—626. 

10. Welch GW, McKell DW Jr, Silverstein P, Walker HL. The role 
of catheter composition in the development of thrombo- 
phlebitis. Surg Gynecol Obstet 1974; 138:421—424. 


to 





DISCUSSION 


Dr. FRANCIS C. NANCE (New Orleans, Louisiana): I have written 
my congressman asking for addition of a sterilizer to the Army Burn 
Unit, hoping that they will be able to sterilize their catheters in the 
future. 

Dr. Pruitt and his colleagues have emphasized again a 
very important complication of the management of patients with 
severe burns, and it is not related to the sterility of the catheter, 
but the illness of the patient. 

I think his paper raises more questions than it answers. but I 
will confine my discussion to outlining several questions I hope he 
will answer. 

What impact has the advent of a Silastic catheter had on the 
incidence of sepsis? Could your recent experience of reduction 
of infection be due, at least partially, to the use of a Silastic catheter? 

Is percutaneous placement better than trans-cutdown placement? 

And given a patient with burn eschar on the anterior chest. would 
you put the catheter centrally, or would you use, still, a cutdown 
in the saphenous vein? 

I wonder what proportion of your recent experience with central 
vein sepsis is associated with the infusion of hypertonic solutions 


through the vein. I think we're all using nutritional support, and it's 
known that these hypertonic solutions will increase the risk of in- 
fection, but I wonder what proportion of those patients have this. 

And you have emphasized this very important complication in a 
subgroup of the field of trauma. Is this a lesion that we should be 
watching for in all trauma patients, or is the burn patient unique, 
and is this complication unique to the burn patient? 

I think this paper is an important addition, and I appreciate the 
opportunity to discuss it. 


Dr. Boyp W. Haynes, JR. (Richmond, Virginia): I think that Dr. 
Pruitt has again pointed out to us a source for sepsis in the burn 
patient which is important, but, fortunately, of fairly low in- 
cidence. It needs recognition, and it needs treatment. 

In managing the severely burned patient, one of the most im- 
portant things to do is to supply optimum nutrition. In patients who 
have serious injuries, we emphasize oral feeding to the maximum, 
using small nasogastric tubes to give liquid feedings. However, 
in the sicker patient, one is less likely to be able to achieve optimum 
nutrition through the oral route alone. One is often forced, there- 
fore, to use hyperalimentation through central lines in order to supply 
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nutrients either partially or completely, because there is no sub- 
stitute for optimum nutrition. 

Looking at it another way, it becomes apparent that optimum 
nutrition is the best antibiotic. 

What we have done, then, rather than emphasize peripheral lines 
for longer than a few days, is to emphasize central lines, even if it 
means cannulating through eschar. And that, of course, is not good, 
but the loss of nutrition is worse. 

The only hedge that seems to be important in terms of minimizing 
infection of the central line—and this needs a little more looking 
at— is changing the line, usually over a guide wire, every three or four 
days as necessary. 

Frequent changing the central line offers some protection against 
overwhelming catheter sepsis and permits achieving the goal of 
optimum nutrition. 


Dr. J. Davip RICHARDSON: (Louisville, Kentucky): We are oc- 
casionally seeing this problem in nonburn patients as well as burn 
patients, and have been bothered by an aspect that we have found 
particularly troublesome; that is, septic thrombophlebitis in the 
subclavian vein. We have had seven patients that we have been 
able to identify who have had this particular problem, and they do 
have several common features. All have been on long-term hyper- 
alimentation. The minimum catheterization was six weeks in this 
particular group of patients, and in three patients we have not been 
able to adequately treat the subclavian septic thrombophlebitis 
with antibiotics alone. In these three patients we excised the sub- 
clavian vein. Apparently, the Brooke group has not had to do that. 
We'd be very interested in their comments on that particular problem. 

Two of the patients survived. One died of bacterial endocarditis, 
and at autopsy had septic pulmonary emboli. I think this is a particu- 
larly troublesome problem for those of us who are dealing with a 
fairly large-volume trauma service, where we do have long-term 
in-dwelling central lines. 


Dr. Basic A. Pruitt, JR. (Closing discussion): I’m pleased to 
hear of Dr. Richardson’s experience. 

We have treated our patients with central vein suppuration 
with antibiotics, and if septic pulmonary emboli appeared, with 
heparinization as well. 

There are a few anecdotal reports of extraction of suppurative 
thrombi, using a Fogarty catheter, and, certainly, excision of in- 
fected thrombi from the infrarenal central veins has been reported. 
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But to this time, upper thoracic excision of suppurative veins has 
not be carried out to any great extent. We have been reluctant 
to carry out a thoracotomy, since most of the patients with this 
complication have extensive burns, and burns—often infected 
burns—of the chest wall. 

I think that Dr. Haynes has identified what's been termed a com- 
plication of medical progress; namely, central vein thrombosis due 
to the use of hypertonic nutrient solutions. I think that, to minimize 
this, one needs to have specific indications for using such solutions; 
that is, a 10% weight loss in a patient in whom we anticipate that we 
will be unable to close their wound or resolve their basic disease 
process within the next seven or ten days. 

We change not only the peripheral cannula sites, but central vein 
cannula sites, every three days. 

(slide) Several of the discussants brought up the question of cathe- 
ter composition, and certainly that is one of the factors predis- 
posing patients to this complication. We have been interested in 
evaluating Silastic cannulae, because there is a third pathogenic 
mechanism—namely, fibrin deposition on the cannula—and it has 
been found that the propensity to this fibrin sheath development 
is related to the blood flow within the vein and the fraction of the 
lumen which is occluded by the cannula. 

In the past several months we have used Silastic cannulae for 
prolonged catheterization, using 20 peripheral Silastic cannulae 
and about 75 central vein Silastic cannulae, and have found that 
they're also associated with intraluminal thrombus formation and 
secondary seeding thereof. 

This slide shows such a cannula in place in the opened sub- 
clavian vein, with this extensive thrombus, beginning at the cannula 
tip, and extending into the superior vena cava. Notice also this other 
thrombus in the left brachiocephalic vein, completely occluding it, 
which was diagnosed only at autopsy. Silastic cannulae therefore 
do not represent a solution to this problem in the burn patient. 

| think that in terms of the occurrence of suppurative thrombo- 
phlebitis it makes very little difference whether the vein cannulation 
is by percutaneous or cutdown technique. In the burn patient the 
most frequent means of seeding of an intraluminal thrombus is the 
periodic hematogenous showering of bacteria from the patient's 
wounds or other septic sites and such organisms can seed thrombi 
associated with either tvpe of cannula equally readily. I think further 
that this is a complication that is not peculiar to the burn patient, 
but can occur in any critically ill patient, and is particularly apt to 
occur in those patients with septic complications in whom bacteremia 
occurs. 
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conditions, or cyanosis. 
Impaired Renal or Hepatic Function: Although laboratory tests have not indicated that 
Stadol causes or increases renal or hepatic «m seed the drug should be 
administered with caution to patients with such impairment. Extensive liver disease 
may predispose to greater side effects and greater activity from the usual clinical 
dose, possibly the result of decreased metabolism of the drug by the liver. 
Biliary Surgery: Clinical studies have not been done to establish the safety of Stado! 
administration to patients about to undergo surgery of the biliary tract. 
Usage as a Preoperative or Preanesthetic Medication: Slight increases in systolic blood 
pressure may occur, therefore caution should be employed when Stadol is used in 
the hypertensive patient. 
Usage in Balanced Anesthesia: The use of pancuronium in combination with Stadol may 
cause an increase in conjunctival changes. 
Usage in Pregnancy: The safety of Stadol for use in pregnancy prior to the labor period 
has not been established; therefore, this drug should be used in pregnant patients 
only when in the judgment of the physician its use is deemed essential to the welfare 
of the patient. 
Reproduction studies have been performed in rats, mice and rabbits and have 
revealed no evidence of impaired fertility or harm to the fetus due to Stadol at about 
2.5 to 5 times the human dose. 
Usage in Labor and Delivery: Safety to the mother and fetus following administration of 
Stadol during labor has been established. Patients receiving Stadol during labor 
have experienced no adverse effects other than those observed with commonly used 
analgesics. Stadol should be used with caution in women delivering premature 
infants. 
Usage in Nursing Mothers: The use of Stadol in lactating mothers who are nursing their 
infants is not recommended since it is not known whether this drug is excreted in 
human milk. Stadol has been used safely for labor pain in mothers who sub- 
sequently nursed their infants. 
Usage in Children: Safety and efficacy in children below age 18 years have not been 
established. 
ADVERSE REACTIONS— The most frequent adverse reactions in 1250 patients treated 
with Stadol are: sedation (503, 40%), nausea (82, 6%), clammy /sweating (76, 6%). 
Less frequent reactions are: headache (35, 3%), ded g 33, 3%), floating feeling (33, 
Ph), dizziness (23, 2%), lethargy (19, 2%), confusion (15, 1%), lightheadedness (12, 1%). 
Other adverse reactions which may occur (reported incidence of less than 1%) are: 
CNS: nervousness, unusual dreams, agitation, euphoria, hallucinations 
Autonomic: flushing and warmth, dry mouth, sensitivity to cold 
Cardiovascular: palpitation, increase or decrease of blood pressure 
Gastrointestinal: vomiting 
Respiratory: slowing of respiration, shallow breathing 
Dermatological: rash or hives 
Eye: diplopia or blurred vision 
OVERDOSAGE—Manifestations: Although there have been no experiences of over- 
dosage with Stadol — clinical trials, this may occur due to accidental or 
intentional misuse as well as therapeutic use. Based on the pharmacology of Stadol, 
overdosage could produce some degree of respiratory depression and variable 
cardiovascular and central nervous system effects. 
Treatment: The immediate treatment of suspected Stadol overdosage is intravenous 
naloxone. The respiratory and cardiac status of the patient should be evaluated 
constantly and appropriate supportive measures instituted, such as oxygen, intra- 
venous fluids, vasopressors and assisted or controlled respiration. 
HOW SUPPLIED—Stado! (butorphanol tartrate) Injection for I.M. or I.V. use, is available 
as follows: 

NDC 0015-5644-20—2 mg per ml, 2-ml vial 

NDC 0015-5645-20— 1 mg per ml, 1-m! vial 

NDC 0015-5646-20—2 mg per ml, 1-ml vial 

NDC 0015-5646-23—2 mg per ml, 1-m! Disposable Syringe 

NOC 0015-5648-20—2 mg per ml. 10-m! multi-dose vial 
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Edited by JAMES D. HARDY, M.D. 
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Although technically a Fifth Edition of Surgery: 
Principles and Practice, this revision is new in 
title, editor, contributing authors, content, ap- 
proach, and format. It has been reorganized 
into three major parts: General Principles of 
Surgical Practice; Specific Lesions and Dys- 
functions Involving Various Organs; and 
Parasurgical Considerations. 


The approach is now problem-oriented and this 
outstanding volume considers virtually all 
current problems in surgery. 


More than 270 contributors give you an 
enormous geographical and philosophical range 
in one volume. Each is well known in his field 
and discusses management of a specific 
problem. Included in each of the hundreds of 
topics discussed are basic features of the opera- 
tion including a table of basic facts; an overview 
of the concept under discussion; description of 
specific pathological conditions; surgical 
history; physiology; a pathophysiological 
diagram and an anatomical sketch whenever 
feasible; many excellent illustrations of disease 
processes and treatment procedures; possible 
technical errors; safeguards; postoperative 
problems; and complications. 


2354 Pages / 1738 Illustrations / 313 Tables 


5th Edition, 1977 / One Volume Format: $45.00 
Two Volume Format: $53.00 


Now Availablein Either OneorTwo VolumeForm! 
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Each can of SUSTACAL supplies the following: 


~ Su Séfcal 


Great tasting nutritional support 
ina small, easily-consumed serving. 


When surgery, therapy or disease 
reduces your patients’ appetites or 
increases their needs, they need a 
nutritional boost. They need Sus- 
tacai. 


Sustacal is a great- -tasting nutri- 
tional supplement that helps insure 
daily nutritional needs are met — 
without replacing the foods patients 
are eating. 


Sustacal is a delicious way to give 
your patients well-balanced nutri- 
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serving... a maximum amount of 
nutrition in a minimum volume. 


Sustacal comes ina variety of 
flavors and forms . . ready-to-use 
liquid, pudding, and powder that 
mixes readily with milk. 


So, when your patients need extra 
nutrition, specify Sustacal. 
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an aerobic/anaerobic spectrum 


that includes 
Bacteroides fragilis 


* Active against most aerobic pathogens — gram-negative 
as well as gram-positive 
« Active against most anaerobic pathogens -including 
B. fragilis 
e Active against most §-lactamase-producing strains that 
destroy the activity of many cephalosporins and penicillins 
Not active against most strains of Pseudomonas aeruginosa 
and enterococci (e.g., Streptococcus faecalis) and many 
strains of Enterobacter cloacae. Methiciltn-resistant staphy 
lococci are almost uniformly resistant to MEFOXIN* (Cefoxitin 
Sodium, MSD) 
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efficacy in a wide range 
of infections caused by 
single or multiple pathogens 


e Effective in a wide range of infections* — such as: 
peritonitis 
intra-abdominal abscess 
skin and skin-structure infections 


* due to susceptible strains of indicated bacteria at indicated sites - 

t In vitro activity does not necessarily imply in vivo effectiveness. 

DMEFOXIN is often referred to as a cephamycin in the scientific 
literature 














Mefoxin UA Aw 
Cefoxitin Sodium. MSD 


4 VALS. A gram and 2 grams cefoxitin equivalent 
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«efficacy 


<= -safety 


safety 
comparable 
to cephalothin 


Generally well tolerated, the most common adverse reaction 
being local reactions following IV or IM injection. Contra 


indicated in patients who have shown hypersensitivity to cefox- 


itin and the cephalosporin group of antibiotics. Give with 
caution to penicillin-sensitive patients. Antibiotics should be 
administered with caution to any patient who has demon- 
strated some form of allergy, particularly to drugs. If an allergic 
reaction to cefoxitin occurs, discontinue the drug. Serious 
hypersensitivity reactions may require epinephrine and other 
emergency measures. Use of the drug in women of child- 
bearing potential requires that the anticipated benefit be 
weighed against the possible risk 





A SIMPLE AND FAMILIAR DOSAGE REGIMEN 


Usual Adult Frequency and 
Type of Infection Daily Dosage Route 


Jncomplicated forms* of infections 1! gram every 6-8 
such as pneumonia, urinary tract hours IV or IM 
infection, cutaneous infection 











3-4 grams 
















Moderately severe or severe 
infections 


1 gram every 
4 hours or 2 grams 
every 6-8 hours IV 









6-8 grams 


















Infections commonly needing anti 
biotics in higher dosage (e.g., gas 
gangrene) 


2 grams every 
4 hours or 3 grams 
every 6 hours IV 





12 grams 





tincluding patients in whom bacteremia is absent or unlikely 


For full details on dosage, see Presc 


ribing Information 


*due to susceptible strains of indicated bacteria at MSD 
indicated sites 
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Mefoxin 
(Cefoxitin Sodium MSD) 


Indications: Treatment of serious infections caused by susceptible strains of the 
designated microorganisms in the following diseases: 

LOWER RESPIRATORY TRACT INFECTIONS, including pneumonia and lung 
abscess, caused by Streptococcus pneumoniae (formerly Diplococcus pneumo- 
niae), other streptococci (excluding enterococci, e.g., Strep. faecalis), Staphylo- 
coccus aureus (penicillinase and non-penicillinase producing), Escherichia coli, 
Klebsiella species, Hemophilus influenzae, and Bacteroides species. 
GENITOURINARY INFECTIONS. Urinary tract infections caused by E. coli, Kleb- 
sielia species, Proteus mirabilis, indole-positive Proteus (i.e., P. morganii, P. 
rettgeri, and P. vulgaris), and Providencia species. Uncomplicated gonorrhea due 
to N. gonorrhoeae. 

INTRA-ABDOMINAL INFECTIONS, including peritonitis and intra-abdominal 
abscess, caused by £F. coli, Klebsiella species, Bacteroides species including the 
B. fragilis group.t and Clostridium species. 

GYNECOLOGICAL INFECTIONS, including endometritis, pelvic cellulitis, and pelvic 
inflammatory disease, caused by E. coli, N. gonorrhoeae, Bacteroides species 
including the B. fragilis group. * Clostridium species, Peptococcus species, 
Peptostreptococcus species, and group B streptococci. 

SEPTICEMIA caused by Strep. pneumoniae (formerly D. pneumoniae), Staph. 
aureus (penicillinase and non-penicillinase producing), E. coli, Klebsiella species, 
and Bacteroides species including the B. fragilis group. 

BONE AND JOINT INFECTIONS caused by Staph. aureus (penicillinase and non- 
penicillinase producing). 

SKIN AND SKIN STRUCTURE INFECTIONS caused by Staph. aureus (penicillinase 
anc non-penicillinase producing), Staph. epidermidis, streptococci (excluding 
enterococci, e.g., Strep. faecalis), E. coli, P. mirabilis, Klebsiella species, Bacte- 
roides species including the B. fragilis group,+ Clostridium species, Peptococcus 
species, and Peptostreptococcus species. 

Although appropriate culture and susceptibility studies should be performed, ther- 
apy may be started while awaiting these results. Cefoxitin is not active in vitro 
against most strains of Pseudomonas aeruginosa and enterococci (e.g., Strep. 
faecalis) and many strains of Enterobacter cloacae. Methicillin-resistant staphylo- 
cocci are almost uniformly resistant to cefoxitin. 

Contraindications: Previous hypersensitivity to cefoxitin and the cephalosporin 
group of antibiotics. 

Warnings: BEFORE THERAPY IS INSTITUTED, CAREFUL INQUIRY SHOULD BE 
MADE TO DETERMINE PREVIOUS HYPERSENSITIVITY REACTIONS TO CEFOX- 
ITIN, CEPHALOSPORINS, PENICILLINS, OR OTHER DRUGS. GIVE WITH 
CAUTION TO PENICILLIN-SENSITIVE PATIENTS. ANTIBIOTICS SHOULD BE 
ADMINISTERED WITH CAUTION TO ANY PATIENT WHO HAS DEMONSTRATED 
SOME FORM OF ALLERGY, PARTICULARLY TO DRUGS. IF AN ALLERGIC REAC- 
TION TO CEFOXITIN OCCURS, DISCONTINUE THE DRUG. SERIOUS HYPERSEN- 
SITIVITY REACTIONS MAY REQUIRE EPINEPHRINE AND OTHER EMERGENCY 
MEASURES. 

Precautions: The total daily dose should be reduced in patients with transient or 
persistent reduction of urinary output due to renal insufficiency because high and 
prolonged serum antibiotic concentrations can occur in such individuals from usual 
doses. As with other antibiotics, prolonged use may result in overgrowth of 
nonsusceptible organisms; repeated evaluation of the patient's condition is essen- 
tial. If superinfection occurs, take appropriate measures. Increased nephrotoxicity 
has been reported following concomitant administration of cephalosporins and 
aminoglycoside antibiotics. 

Interference with Laboratory Tests — As with cephalothin, high concentrations 

( 100 mcg/ml) may interfere with measurement of serum and urine creatinine 
levels by the Jaffé reaction and produce false increases of modest degree in creati- 
nine levels reported; serum samples should not be analyzed for creatinine if with- 
drawn within 2 hours of cefoxitin administration. A false-positive reaction for 
glucose in urine has been observed with CLINITEST* reagent tablets. 
Pregnancy — In women of childbearing potential, weigh anticipated benefit against 
possible risks. 

Nursing Mothers — Cefoxitin is excreted in human milk in low concentrations. 
Iniants and Children — Safety and efficacy in infants from birth to three months 
have not yet been established. In children three months and older, higher doses 
have been associated with increased incidence of eosinophilia and elevated SGOT. 
Acverse Reactions: The most common adverse reactions have been local reactions 
following intravenous or intramuscular injection. Other adverse reactions have been 
encountered infrequently. Local Reactions — Thrombophlebitis with intravenous 
administration; pain, induration, and tenderness after intramuscular injections. 
Allergic Reactions — Rash, pruritus, eosinophilia, fever, and other allergic reac- 
tions. Gastrointestinal — Nausea, vomiting, and diarrhea. B/ood — Transient eosin- 
ophilia, leukopenia, neutropenia, and hemolytic anemia; a positive direct Coombs 
test may develop in some individuals, especially those with azotemia. Liver Func- 
tion — Transient elevations in SGOT, SGPT, serum LDH, and serum alkaline phos- 
phatase. Renal Function — Elevations in serum creatinine and/or blood urea 
nitrogen levels. 

Note: In group A beta-hemolytic streptococcal infections, therapy should be main- 
tained for at least 10 days to guard against the risk of rheumatic fever or glomeru- 
lonephritis. In staphylococcal and other infections involving a collection of pus, 
surgical drainage should be carried out where indicated. Intramuscular injections 
should be well within the body of a relatively large muscle such as the upper outer 
quadrant of the buttock (i.e., gluteus maximus); aspiration is necessary to avoid 
inadvertent injection into a blood vessel. The total daily dosage in infants and chil- 
dren should not exceed 12 grams. 

How Supplied: Sterile cefoxitin sodium in vials and infusion bottles containing 

1 gram or 2 grams cefoxitin equivalent. 

For more detailed information, consult your MSD representative or see full 
prescribing information. Merck Sharp & Dohme, Division of Merck & Co., INC., 
West Point. PA 19486 MSD 


+B. fragilis. B. distasonis. B. ovatus, B. thetaiotaomicron, B. vulgatus 


* Registered trademark of Ames Company. Division of Miles Laboratories, Inc 
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Tablets 


PERCODANc 


Each tablet contains 4.50 mg oxycodone HCI 
(WARNING: May be habit forming), 0.38 mg 
oxycodone terephthalate (WARNING. May be habit 
forming), 325 mg aspirin. 





REVISED 
FORMULA dae 
Each tablet contains 9.95 mg oxycodone HCI C 


(WARNING: May be habit forming), O.19 mg 
oxycodone terephthalate (WARNING: May be habit 
forming), 325 mg aspirin. 


Brief Summary of Prescribing Information 


INDICATIONS For the relief of moderate to moderately severe pain. 
CONTRAINDICATIONS Hypersensitivity to oxycodone or aspirin. 


WARNINGS Drug Dependence Oxycodone can produce drug dependence of 
the morphine type and, therefore, has the potential for being abused. Psychic 
dependence, physical dependence and tolerance may develop upon repeated 
administration of PERCODAN -and PERCODAN-Demi, and it should be 
prescribed and administered with the same degree of caution appropriate to 
the use of other oral narcotic-containing medications. Like other narcotic- 
containing medications, PERCODAN and PERCODAN-Demi are subject to the 
Federal Controlled Substances Act. 


Usage in ambulatory patients Oxycodone may impair the mental and/or 
physical abilities required for the performance of potentially hazardous 
tasks such as driving a car or operating machinery. The patient using 
PERCODAN and PERCODAN-Demi should be cautioned accordingly. 


Interaction with other central nervous system depressants Patients 
receiving other narcotic analgesics, general anesthetics, phenothiazines, 
other tranquilizers, sedative-hypnotics or other CNS depressants (including 
alcohol) concomitantly with PERCODAN and PERCODAN-Demi may exhibit an 
additive CNS depression. When such combined therapy is contemplated, the 
dose of one or both agents should be reduced. 


Usage in pregnancy Safe use in pregnancy has not been established relative 
to possible adverse effects on fetal development. Therefore, PERCODAN and 
PERCODAN-Demi should not be used in pregnant women unless, in the 
pour of the physician, the potential benefits outweigh the possible 
hazards. 


Usage in children PERCODAN should not be administered to children 
PERCODAN-Demi, containing half the amount of oxycodone, can be 
considered (See Dosage and Administration for PERCODAN-Demi.) 


Salicylates should be used with caution in the presence of peptic ulcer or 
coagulation abnormalities. 


PRECAUTIONS Head injury and increased intracranial pressure The 
respiratory depressant effects of narcotics and their capacity to elevate 
cerebrospinal fluid pressure may be markedly exaggerated in the presence of 
head injury, other intracranial lesions or a pre-existing increase in 
intracranial pressure. Furthermore, narcotics produce adverse reactions 
which may obscure the clinical course of patients with head injuries. 
Acute abdominal conditions The administration of PERCODAN and 
PERCODAN-Demi or other narcotics may obscure the diagnosis or clinical 
course in patients with acute abdominal conditions. 

Special risk patients PERCODAN and PERCODAN-Demi should be given with 
caution to certain patients such as the elderly or debilitated, and those with 
severe impairment of hepatic or renal function, hypothyroidism, Addison's 
disease, and prostatic hypertrophy or urethral stricture. 

ADVERSE REACTIONS The most frequently observed adverse reactions 
include light-headedness, dizziness, sedation, nausea and vomiting. These 
effects seem to be more prominent in ambulatory than in nonambulatory 
patients, and some of these adverse reactions may be alleviated if the 
patient lies down. 


Other adverse reactions include euphoria, dysphoria, constipation and 
pruritus. 

DOSAGE AND ADMINISTRATION Dosage should be adjusted according to the 
severity of the pain and the response of the patient. It may occasionally be 
necessary to exceed the usual dosage recommended below in cases of more 
severe pain or in those patients who have become tolerant to the analgesic 
effect of narcotics. PERCODAN and PERCODAN-Dem: are given orally. 
PERCODAN: The usual adult dose is one tablet every 6 hours as needed for 
pain. 

PERCODAN-Demi: Adults — One or two tablets every six hours. Children 12 
years and older — One-half tablet every six hours. Children 6 to 12 years — 
One-quarter tablet every six hours. PERCODAN-Demi is not indicated for 
children under 6 years of age. 

DRUG INTERACTIONS The CNS depressant effects of PERCODAN and 
PERCODAN-Demi may be additive with that of other CNS depressants. See 
WARNINGS. 

Aspirin may enhance the effect of anticoagulants and inhibit the uricosuric 
effects of uricosuric agents. 


DEA Order Form Required. 6116/6118BS 


Ende Inc. 


i, Puerto Rico —€— 


Subsidiary of Endo Laboratories Inc. 
Subsidiary of the DuPont Company 


EDO-870P 
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TEN-YEAR CUMULATIVE INDEX OF SUBJECTS AND AUTHORS 
VOLUMES 18-34. JANUARY 1965-DECEMBER 1974 


The 10-year Cumulative Index to CANCER, printed in an easy-to-locate format is a convenient useful 
reference to the findings and developments in cancer as published in this official publication of The 
American Cancer Society during the years 1965 through 1974. 


Completely cross-referenced, the key indexing words are those of the Medical Subjects Headings 
(MESH) of the National Library of Medicine. 


In the Subject Index, under appropriate category headings set in bold face type, the complete title to 
each article is listed followed by author's name in parentheses, and the specific volume, page citation. 
Over 25,000 subject entries are included. 


The Author Index, comprising some 10,000 entries, lists the principal author/s for each article and also 
cites volume and page location of the article. 


In 328 pages, 7⁄2 x 1014, the outward appearance of the Cumulative Index matches that of the 
Journal CANCER itself. Price postpaid is $25.00 per copy. U.S., $26.00 all others. 
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Abdominosacral Approach for Retrorectal Tumors 


S. ARTHUR LOCALIO, M.D., KENNETH ENG, M.D., JOHN H. C. RANSON, M.D. 


The relative rarity and anatomical position of retrorectal 
tumors may lead to difficulty in diagnosis and surgical treat- 
ment. The clinical features and management of 20 such tumors 
(chordoma 8, neurilemmoma 3, teratoma 3, hemangiopericy- 
toma 1, chondrosarcoma 1, osteosarcoma 1, dermoid 1, lipoma 
l, and undifferentiated sarcoma 1) have therefore been 
reviewed. Low back or sacral pain was present in 18 patients 
and, although all tumors were palpable on rectal examination, 
pain had been present for a median of 12 months before diag- 
nosis. Mean tumor size was 9.4 cm (range: 2.5— 17 cm). Sacral 
bone destruction was demonstrated radiographically in all 
chordomas and three sarcomas, but in none of the benign 
tumors. Three patients had undergone previous partial 
removal of their tumors. Surgical resection was carried out 
using a combined abdominal and transsacral approach in 13, a 
transsacral approach in the right lateral position in four and 
transabdominally in three. There was one operative death 
following secondary operation for chordoma. Four of 12 
patients with malignant tumors are alive and well at seven 
months to eight years. One died of a myocardial infarct without 
recurrence at 11 years. For small benign tumors, the right 
lateral position permits maximal flexibility for resection either 
by the transsacral, transabdominal or a combined approach. 
For bulky or malignant tumors, a combined abdominal 
transsacral approach in the right lateral position permits 
vascular control and provides good exposure for protection of 
vital structures and wide resection. 


HE RELATIVE RARITY and anatomical position of 
T retrorectal tumors may lead to difficulty in 
diagnosis and surgical treatment. Retrorectal tumors 
may arise from embryologic rests, normal soft tissues 
or bone and they may be benign or malignant. Reported 
results of treatment of malignant lesions have been 
poor. Indeed, some authors have concluded that 
chordoma is nearly impossible to extirpate and 
invariably recurs.?^ Early experience with the manage- 
ment of sacral chordomas’ has led to the development 
of a combined abdominal and transsacral approach to 
retrorectal tumors and the authors experience with 
these tumors over the past 15 years has therefore been 
reviewed. 


Presented at the Annual Meeting of the Southern Surgical Associa- 
tion, December 3-5, 1979. Hot Springs, Virginia. 

Reprint requests: S. Arthur Localio. M.D., Department of Surgery, 
New York University Medical Center. 560 First Avenue, New York. 
New York 10016. 

Submitted for publication: December 7. 1979. 


From the Department of Surgery, 
New York University Medical Center, 
New York, New York 
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Patient Population 


From 1964 to 1979 20 patients underwent operation 
for retrorectal tumors. There were ten men and ten 
women ranging in age from 16 to 68 years (median: 45). 
The histologic diagnoses were chordoma 8. neurilem- 
moma 3, teratoma 3, hemangiopericytoma 1, osteo- 
genic sarcoma 1, chondrosarcoma 1, undifferentiated 
sarcoma |, dermoid 1, and lipoma 1. Three patients 
(chordoma 2, chondrosarcoma 1) had undergone pre- 
vious partial resection of their tumors. 


Clinical Féatures 


Chordomas were diagnosed in seven men (age: 45— 
68, median: 64) and one woman (age: 45.) Other lesions 
occurred more frequently in women and at a younger 
age (16—62, median: 31) (Table 1). 

Low back or sacral pain was present in 18 patients 
and had been present for a median of 12 months (2 days 
to 8 years) before diagnosis (Table 2). Constipation and 
ridging or narrowing of the stools was noted in six 
patients and urinary frequency or dysuria was present 
in three. Involvement of nerve roots was manifested by 
radicular pain in nine patients. sensory or motor deficits 
in seven and urinary and fecal incontinence in two. 
Radicular pain was present in six of 12 patients with 
malignant tumors, but was also a feature of three out of 
eight benign tumors. Similarly, sensory or motor 
deficits were a feature of both malignant (five of 12) and 
benign (two of eight) disease. However, both patients 
with urinary and fecal incontinence had advanced 
malignant tumors. 

A history of possible infection was elicited in two of 
three patients with teratomas. One patient had under- 
gone previous drainage of a pelvic abscess which Was 
probably an infected teratoma. The second patient 
presented initially with spiking fever and malaise and 
was found to have a ruptured teratoma. 

Mean tumor size was 9.4 cm (range: 2.5—17 cm) and 
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TABLE |. Retrorectal Tumors (1964 —1979) 


No. of 
Diagnosis Patients Sex and Age 
Malignant 
chordoma 8 7 men, | woman 
primary 6 age 45—68 years 
recurrent 2 (median: 61.5) 
sarcoma 4 2 men, 2 women 
hemangiopericytoma l age 19-58 years 
osteogenic sarcoma | (median: 40.5) 
recurrent chondrosarcoma | 
undifferentiated sarcoma  ! 
Benign 
neurilemmoma 3 8 2 men, 6 women 
teratoma 3 age 16—62 years 
dermoid l (median: 31) 
lipoma l 


all were palpable as extramucosal lesions. The tumor 
was fixed to bone in all primary sacral malignant 
tumors, but five of the benign soft tissue tumors were 
also immovable. Chordomas were smooth rubbery 
tumors lying in the midline. Two were lobulated and 
one had a posterior parasacral component. Other 
tumors were often asymmetric. Some teratomas or 
neurilemmomas were cystic or spongy in consistency, 
but they could not consistently be distinguished from 
chordoma by palpation. 


Diagnostic Studies 


Sigmoidoscopy, intravenous pyelogram and barium 
enema were either normal or demonstrated only 
extrinsic compression by the tumor. Plain x-rays and 
sacral tomograms revealed bone destruction in all 
chordomas and primary sacral sarcomas (Fig. 1). No 
bony change was demonstrated in the patient with the 
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hemangiopericytoma nor in any of the benign tumors. 
Angiography was negative or revealed only an avascu- 
lar mass in all tumors except the hemangiopericytoma 
which appeared as a hypervascular mass supplied by 
the left hypogastric artery. 

Computerized axial tomography has been helpful in 
five recent cases in delineating the extent of tumor. 


Operative Approach 


Before 1967, four malignant tumors were managed by 
a two phase operation. With the patient in the supine 
position, an abdominal incision was made and the 
rectum was mobilized away from the anterior surface of 
the tumor. The patient was then turned into the prone 
position and sacral resection was carried out by a 
posterior incision. After 1967, seven malignant tumors 
and two benign tumors were resected by asynchronous 
abdominal and transsacral approach in the lateral 
position. Three tumors (hemangiopericytoma, lipoma, 
neurilemmoma) have been resected by the trans- 
abdominal approach in the supine position. In two of 
these three cases the tumors (lipoma, neurilemmoma) 
were found by gynecologic surgeons and resection was 
completed by the transabdominal route. Four benign 
tumors have been resected by the transsacral approach 
with the patient in the right lateral position. 


Abdominosacral Resection 


The patient is placed in the lateral position illustrated 
in Figure 2. This position allows a combined abdominal 
and transsacral approach when required. In addition, 
for small benign tumors, this position allows flexibility 
for excision by a transabdominal, transsacral or com- 
bined approach. 


TABLE 2. Findings in 20 Patients with Retrorectal Tumors 
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All 20 Tumors 


a 


No. 
Patients Per Cent 

Symptoms 

low back pain 18 90 

change in stool 6 30 

radicular pain 9 45 

"infection" 2 10 

fecal and urinary incontinence 2 10 
Signs 

palpable tumor 20 100 

fixed tumor 16 80 

sensory or motor deficit + 33 
X-ray 

bone destruction 11 55 


12 Malignant 8 Benign 
No. No. 
Patients Per Cent Patients Per Cent 

11 92 7 88 
3 25 3 38 
6 50 3 38 
0 0 2 25 
2 17 0 0 
12 100 8 100 
11 92 5 63 
5 42 2 25 
11 92 0 0 





Median duration of symptoms: 12 months (2 days to 8 years). 
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For malignant tumors involving bone a combined 
approach has been used consistently over the past 11 
years. The abdomen is entered through an oblique in- 
cision starting between the left iliac crest and costal 
margin (Fig. 2A) and running parallel to the inguinal 
ligament. The left colon and rectum are mobilized and 
displaced anteriorly and to the patients right. The upper 
limit of the tumor is identified. The left ureter is 
identified. Tapes are placed around the iliac vessels for 
temporary occlusion (Fig. 2). The dissection of the 
rectum from the tumor is continued to the level of the 
levator ani. The middle sacral vessels and lateral sacral 
veins, more prominent than usual, are suture ligated. A 
transverse incision is made over the sacrum posteriorly 
and skin flaps are developed. (Fig. 2B) The gluteal 
muscles are detached from their sacral origins. The 
anococcygeal ligament is incised and the presacral 
space entered to join the abdominal dissection. The 
iliac vessels are occluded by traction on the tapes. The 
sacrotuberous, sacrospinous and lower sacroiliac 
ligaments are divided. The pyriformis muscles are 
detached. The sacroiliac articulations are divided at the 
level determined by abdominal dissection and the 
sacrum is transsected. No attempt is made to preserve 
sacral roots below the level of transection. The speci- 
men is removed and the wound is closed with suction 
drainage. 





Fic. 1. Barium air contrast x-ray study showing anterior displace- 
ment of the rectum and destruction of the sacrum by chordoma. 
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FiG. 2. Transabdominal mobilization of the rectum from the 
chordoma and tapes encircling the iliac vessels for vascular control. 
(A) Position and abdominal incision. (B) Posterior incision for sacral 
resection. 


Operative Morbidity and Mortality 


There was one operative death (5%). This patient had 
undergone several previous operations for a sacral 
chordoma. Following two phase abdominosacral 
resection of his tumor, he developed severe urinary and 
wound sepsis and died on the eighteenth postopera- 
tive day. 

The first three patients in this series with chordomas 
underwent sacral resection by the two phase abdomino- 
sacral approach. Operative blood loss in these patients 
was large — averaging 5000 ml (range: 3000—8500 ml). 
Five subsequent patients underwent resection of sacral 
chordomas by the synchronous abdominosacral ap- 
proach in the right lateral position with control of the 
iliac vessels. With this approach, substantial bleeding 
may still occur during sacral transection. However, 
operative blood loss was reduced to 400—1500 ml 
(mean: 1100 ml) in four of these five patients. In the fifth 
patient, resection of a large chordoma which involved 
the iliac veins led to an operative blood loss of 7000 ml. 

Urinary retention in the immediate postoperative 
period occurred in five patients, and in two men with 
chordomas transurethral prostatectomy was neces- 
sary. Patients with resection at the mid S2 vertebra or 
lower had essentially normal urinary sphincter function. 
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TABLE 3. Late Results in Patients with Malignant Tumors 


Diagnosis Year Status Follow-up Comments 
Chordoma 1964 Died of myocardial infarction 11 years No evidence of recurrence 
Chordoma 1965 Alive with disease 14 years Recurrence at five years—radiotherapy 
Chordoma 1971 Alive and well 8 years 
Chordoma 1972 Alive and well 7 years Repair of posterior hernia—no recurrence 
Chordoma 1979 Alive and well 7 months 
Recurrent chordoma 1966 Postoperative death — 
Recurrent chordoma 1974 Alive with cisease 4 years Palliative, radiotherapy 
Chordoma 1977 Alive with disease 2 years Palliative, radiotherapy, chemotherapy 
Undifferentiated sarcoma 1966 Dead of disease 3 months Widespread dissemination 
Osteogenic sarcoma 1968 Dead of disease 6 years Reoperation, radiotherapy 
Recurrent chondrosarcoma 1977 Alive — clinical remission 2 years Radiotherapy, chemotherapy 
Hemangiopericytoma 1977 Alive and well 2 years 


In resections at the S1—S2 interspace with sacrifice of 
S2 roots, patients commonly developed neurogenic 
bladder. However, these patients have awareness of 
bladder distention and are able to initiate voiding by 
contraction of the abdominal muscles. Only one patient 
developed urinary incontinence postoperatively. This 
patient had benign prostatic hypertropy and a 
hypotonic bladder preoperatively which required 
transurethral prostatic resection postoperatively for 
urinary retention. 

Anal continence has been preserved in all patients 
but did not return in the two patients who were incon- 
tinent preoperatively. 

Saddle anesthesia occurs with sacrifice of lower 
sacral roots. 

In two recent patients, one with chordoma and one 
with lipoma, motor weakness of the lower extremity 
has occurred. Neurologic evaluation including elec- 
tromyography suggest stretch injury to the motor 
nerves and both patients are ambulatory with a cane. 

In no case has there been instability of the sacroiliac 
joint. 

Survival 


The fate of all patients with malignant tumors is sum- 
marized in Table 3. Five patients underwent primary 
curative resections for chordoma. One patient had 
recurrence of tumor at five years. Secondary removal 
was unsuccessful, but the patient is alive with disease 
following radiation therapy at 14 years. One patient died 
11 years postoperatively of a myocardial infarction with 
no evidence of recurrent disease. The remaining three 
patients are alive and free of disease at seven months, 
seven years and eight years respectively. Two patients 
with palliative operations are alive at two and four years 
respectively. 

Treatment of primary sacral sarcomas has not been 
as successful as chordomas. The patients with un- 
differentiated sarcoma and osteogenic sarcoma died of 
disease at three months and six years respectively. The 
patient with recurrent chondrosarcoma is alive in 


apparent remission two years following incomplete 
resection, radiation therapy and chemotherapy. The 
patient with hemangiopericytoma is alive and well at 
two years. 

Eight patients with benign tumors have had excellent 
results with no recurrences or permanent disability with 
a follow-up of up to 11 years. 


Discussion 


Retrorectal tumors are uncommon lesions in adult 
patients. They are usually slow growing tumors which 
produce symptoms by pressure on pelvic viscera and 
nerves. Symptoms are characteristically present for 
many months or years and tumors generally attain 
considerable size despite the fact that they are readily 
palpable by digital examination of the rectum. In most 
series the congenital group, chordoma, teratoma and 
dermoids form the largest group of retrorectal 
tumors.'?^^ In addition osseous tumors of the sacrum and 
soft tissue tumors of the retrorectal space are reported. 

Preliminary differentiation of malignant from benign 
tumors should not be difficult and precise diagnosis 
may be made by incisional biopsy. External extension 
of tumor can be biopsied preoperatively or tissue may 
be obtained for frozen section diagnosis at operation. 
Transrectal biopsy should not be employed for fear of 
dissemination of tumor. Symptoms and signs such as 
root pain, neurologic deficits, urinary or bowel com- 
plaints, and apparent bony fixation do not discriminate 
between benign or malignant tumors. Urinary or fecal 
incontinence in our experience does indicate malig- 
nancy. The single most reliable indication of malig- 
nancy is bone destruction of the sacrum (Fig. 1). The 
availability of computerized tomography should permit 
more accurate preoperative assessment of the extent of 
tumor, but even this modality may underestimate 
cephalad intraosseous extension. 


In our experience operation in the lateral position by ~ 


the synchronous abdominosacral approach provides 
maximum flexibility and wide resection of malignant 
tumors in this inaccessable area. The abdominal ex- 
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FiG. 3. X-ray study ofthe resected chordoma showing a wide margin 
of sacrum and widening, destruction and trabeculation of bone. 


posure allows protection of rectum, ureters and major 
blood vessels. Temporary occlusion of the iliac vessels 
limits blood loss during the sacral resection. 

Previous authors have focused on methods for pre- 
serving function by sparing specific nerve roots and 
many hold the view that chordoma almost invariably 
recurs locally.^^^* The opening of sacral foramina and 
dissection of nerve roots violates principles of tumor 
isolation and invites spillage of tumor and local recur- 
rence. Inarecent comprehensive review of 222 patients 
with sacrococcygeal chordoma Gray et al. noted that 
average survival was 5.7 years.” Only 11 patients lived 


DISCUSSION 


Dr. ROBERT P. MCBURNEY (Memphis, Tennessee): I can't com- 
ment on the usefulness of the lateral synchronous combined pro- 
cedure, because, as the saying goes, if you haven't tried it, don't 
knock it, and I’ve never tried it; but I can imagine that for me it might 
present some problems, working deep in the pelvis with the patient 
placed on his side. 

My primary reason for discussing this is to show an unusual pa- 
tient that had one of these retrorectal tumors. 

(slide) This was a 27-year-old man that I first saw a number of 
years ago, with a history that he had noted a swelling on the sacral 
area which had been present for about five years, gradually increas- 
ing in size. He paid no attention to it until he bagan having increas- 
ing constipation, and this posteroanterior x-ray of the pelvis shows 
you a large calcified mass in the pelvis. 
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for ten years or longer and only two of these remained 
free of disease. 

Our approach has been to resect, when possible, one 
vertebra above the proximal radiologic extent of tumor 
without regard for preserving sacral roots (Fig. 3). Al- 
though urinary dysfunction does occur, this problem is 
not insurmountable. Resection as high as the SI—S2 
interspace with sacrifice of S2 nerve roots is compatible 
with osseous stability and urinary and fecal continence 
and is preferable to incomplete resection. Of five pa- 
tients undergoing primary curative resection of 
chordoma three are alive and well seven months, seven 
years and eight years following operation and a fourth 
died at 11 years of a myocardial infarction without 
recurrence. 

Benign retrorectal tumors are also conveniently 
treated in the lateral position, by an abdominal, trans- 
sacral or synchronous approach depending on size and 
location of the tumor. Benign tumors up to 8 cm in 
diameter have been excised by a posterior approach 
with removal of only coccyx or lower sacrum. 

Teratoma and dermoids are subject to infection, 
rupture and malignant change. These tumors often 
attain considerable size and previous inflammation 
makes dissection difficult and hazardous. Incomplete 
removal invites recurrence. The abdominosacral ap- 


proach provides maximum safety and ease of 
dissection. 
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(slide) This x-ray does not show too well the actual margins of the 
tumor, but you can see that the entire pelvis is filled with calcifica- 
tion, with no air shadows, or anything, and at the sacral area, you 
see that it is occupied primarily by tumor. 

(slide) This is a schematic drawing of the procedure that we used. 
I prefer the face-down, or Kraske, position for these tumors, and 
that's the tvpe of procedure that was done on this patient. It was a 
huge tumor, and the insert shows you the projection into the 
pelvis, with a sort of an iceberg form. The incision is down the 
middle, with the gluteus maximus muscles being retracted. Every 
attempt should be made to leave at least one side of the S-2 nerve, 
to try to avoid neurogenic bladder, but if that cannot be preserved, 
of course, removing the tumor is the primary concern. 

(slide) The tumor was so large that we weren't able to remove it 
in one piece. We had to morcellate it, because it could not be removed 
between the sacral spines. The tumor was entirely removed —at 
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least. grossly, as far as we could tell. It measured almost 20 
cm in greatest diameter and was a low grade chondrosarcoma. 

(slide) This is the patient about a month later. He did well follow- 
ing the surgery. He did have a temporary bladder dysfunction, and 
had to have a suprapubic cystotomy done, which he wore for about 
three months, and gradually his function did return. He had good 
control of his rectum. 

This man lived for 20 years following this procedure. I was in 
correspondence with his wife just a few weeks ago, and she in- 
formed me that he died of a massive coronary occlusion about a 
year and a half ago. 


DR. RICHARD G. MARTIN (Houston, Texas): I rise to emphasize 
that I think this approach is excellent, and, I think, in dealing with 
tumors in this area, you really have to make a combined approach, 
or you will, sooner or later, get into serious trouble. 

We have not used the method described here nearly as often as we 
have putting the patient in the lithotomy position, with the sacrum 
well over the edge of the table. and after doing the abdominal dis- 
section, then putting the patient in severe Trendelenburg position, 
and enter in this manner, through the perineum or the sacral area, 
whichever is necessary. 

This is particularly useful if you are going to have to take the rectum 
along with it. But I certainly agree that the combined approach is the 
safest, and you cut down on your blood loss tremendously, and it's 
surprising the size of the tumors that can be resected in this manner. 


DR. MARTIN A. ADSON (Rochester, Minnesota): Dr. Ranson in- 
vited me to discuss his paper, knowing of the experience of my 
colleagues in our institution with chordoma. (slide) It is true that Dr. 
MacCarty, a neurosurgeon, Dr. Coventry, an orthopedist, and Dr. 
John Waugh, a general surgeon, were responsible for a significant 
innovation in the treatment of chordoma. This is a paragraph from 
Dr. Shackelford's text which describes another modification. 

The next slide will show a portion of this. (slide) Dr. Shackelford 
said: "The trinity of specialists was combined into the form of one 
general surgeon. `’ 

This modification favored by him, I think, depends on the com- 
petence and experience of the surgeon. We still, at times, use this 
trinity, because the neurosurgeon does know about nerves, and the 
orthopedist knows more about bone, and the general surgeon knows 
more about the bowel. However, the procedure usually is done by 
the orthopedic surgeon. 

Drs. Ranson, Eng. and Localio have convincing evidence for the 
value of their further innovation —the combination of abdominal and 
transsacral approaches, when appropriate and needed. | have used 
their approach only a few times for presacral lesions. and will 
need more experience to be totally comfortable with it, but I do 
see its value and its advantage, and I am grateful for the lesson 
that John Ranson has given tonight. 

Recently, Dr. MacCarty and Dr. Sim, an orthopedist. who has 
carried on Dr. Coventry's interest in this, have reviewed the 
experience with sacral chordomas in our institution. With 57 pa- 
tients, they found the average delay of three years in diagnosis. This 
astounded me, but just a month ago I saw a man that had a tiny 
bump on the end of his coccyx: and though I have done thousands of 
discriminating rectal examinations, | missed the fact that he had a 
large anterior sacral mass. 

Remember that — and when you see such a thing, feel better than 
| did. 

Now, 50% or more of chordomas have negative radiographic 
findings, which is another precautionary statement. Thirty-four of the 
57 patients have developed recurrence, and those recurrences de- 
veloped a mean time of six years after operation. From this most 
recent work, they concluded that the initial operative procedure 
should be more radical. Bladder and bowel function can be preserved, 
with preservation of one S-2 root: to go higher is to sacrifice this 
function, and to take S-1 roots involves loss of plantar flexion. But 
even these losses may be better tolerated than recurrent tumor. 
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Those who have recurrent tumors live a long, suffering, painful 
existence before they die. 

Drs. MacCarty and Sim also found that transrectal biopsy of 
sacral chordomas is contraindicated. This procedure accounted for 
some recurrences, and led to three rectal fistulas, which were 
correctable postoperatively. 

I would be interested to know Dr. Ranson's and Dr. Eng's feel- 
ings about the initial radicalness of the procedure: and their feelings 
about transrectal biopsy. 


DR. HENRY P. RoysTerR (Raleigh, North Carolina): I would like 
to ask one question and that is whether they have considered the 
use of controlled hypotension to reduce blood loss. 

We have used it in the past in operations in almost every part 
of the body, and it may be that blood loss could be cut down by at 
least three-fourths. 


DR. KENNETH ENG (Closing discussion): Dr. Royster, we have 
not used controlled hypotension, although we have used this 
method for resection of tumors in other areas, particularly the breast. 
We feel that with the use of the tapes around the iliac vessels we 
have local hypotension; and this has cut down on the blood loss 
considerably. And this is a really remarkable change from the 
previous method. 

Dr. McBurney, yes, the lateral approach is a thing that takes 
some getting used to. You have to reorient your view of the 
anatomy from the horizontal to the vertical plane. Dr. Localio has 
used this position for the resection of midrectal cancers, and the 
experience now is well over 150 patients. It’s certainly something 
that can be learned. 

The abdominosacral approach, in addition to providing a means 
of controlling blood loss, allows you to get the things that you 
need to preserve out of the way. You mobilize the rectum, you 
mobilize the vessels and the ureter, you put tapes around the 
vessels, and you're left with just the sacrum to divide, and you 
can get these tumors out intact. 

Dr. Martin, I think this is a perfectly acceptable alternative, 
the use of the lithotomy position with the deep Trendelenburg posi- 
tion. It allows you to do the very same things that we do with the 
lateral approach. It’s a matter of whether you want to stand on your 
head during the abdominal part or during the sacral part. 

Dr. Adson, we've found that in all our patients with sacral 
chordomas there was definite destruction of the bone, so that we had 
a pretty clear idea that we were dealing with a malignant tumor 
when we started. There was no need to do a transrectal biopsy, and 
this is certainly something that we would condemn. 

I’m a little disturbed to find that half of your patients had normal 
bone. It's something that we'll have to worry about in the future. 

I think Dr. Adson's question about the extent of resection is 
really the central issue. Some previous authors have focused in 
the past on the attempt to preserve function by preserving specific 
sacral nerve roots. We feel that the opening of sacral foramina, dis- 
section of nerve roots, invites spillage of tumor, and violates sur- 
gical principles of tumor isolation. 

Indeed, some authors have considered chordoma an incurable 
tumor. Our approach has been to resect, when possible, one 
vertebra above the highest extent of the tumor. There has been no 
attempt to preserve sacral nerves below the level of the sacral 
transaction. 

The resection of the sacrum as high as the S-1/S-2 interspace is 
compatible with osseous stability, and compatible with adequate 
urinary and anal sphincter function. Urinary disturbances do occur, 
but these are not insurmountable, and certainly preferable to 
recurrence. 

In a 1975 review of 222 patients with sacral chordoma, Gray 
and his co-authors from Atlanta noted that there were only two 
patients who survived free of disease for ten years. Of the five pa- 
tients in our series who have had curative resections for sacral 
chordoma, four patients are alive without disease, seven months, 
seven years, eight years, and eleven years. 


The Impact of Chemotherapy and Radiation Therapy on 
Secondary Operations for Neuroblastoma 


E. IDE SMITH, M.D., HENRY F. KROUS, M.D., WILLIAM P. TUNELL, M.D., DAVID C. HITCH, M.D. 


From January, 1969 through July, 1979, 37 children with 
neuroblastoma were cared for at the Oklahoma Children's 
Memorial Hospital. Nineteen patients with extensive disease 
were studied to examine the interrelationships of chemo- 
therapy, radiation therapy and secondary surgery. Eleven 
children had secondary surgery in the abdomen or cervical 
region with one postoperátive death. All patients had chemo- 
therapy and ten had radiation therapy between the primary 
and secondary operation or death. Five children survived. Four 
of five survivors were less than one year of age at diagnosis and 
initial treatment. Fourteen of 15 patients, one year of age or 
older, died. Each case had pathologic examination of tumor 
before and after therapy. All survivors showed sequential 
maturation of tumor tissue but only one nonsurvivor had this 
finding. Unusual metastatic spread was found in patients 
having combined therapy. Multimodal therapy for advanced 
neuroblastoma accentuates the need for sensible timing and 
utilization of secondary operative procedures. The secondary 
procedures ideally eradicate the primary focus of tumor, and 
may also serve to excise selective areas of metastatic disease or 
to biopsy residual disease in aiding continuing therapy. 
Secondary surgery ought to follow the onset of radiation 
therapy by four to six weeks, or of chemotherapy by 12 to 24 
weeks. This delay allows maximum control of primary and 
generalized disease, as well as maturation, differentiation, 
encapsulation and shrinkage of extensive initially unresectable 
primary tumors. 


ITH MORE AGGRESSIVE oncologic therapy, sur- 
W geons are more often operating on patients who 
are receiving combined or ‘‘multimodal’’ therapy 
which includes chemotherapy and radiation therapy. 
The impact of such combined therapy requires a greater 
understanding by the surgeon ofthe effects of all modes 
of treatment upon the malignant process. 

Neuroblastoma, a childhood malignancy arising in 
elements of the sympathetic nervous system, is the 
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most common solid tumor in infancy and childhood. 
While total surgical excision is usually curative, less 
than one-third of patients present with resectable 
localized disease. The tumor has been shown to 
respond to radiation therapy and to several chemo- 
therapeutic agents including cyclophosphamide, vin- 
cristine sulfate, nitrogen mustard, and adriamycin. 
Despite trials with aggressive multimodal therapy, the 
mortality remains high and essentially unchanged since 
the advent of chemotherapy.’ Yet neuroblastoma is 
characterized by the highest rate of spontaneous 
remission of any human malignancy. Occurrence of 
neuroblastoma in situ in newborn necropsies is 40 times 
the incidence of clinical expression.! Remission, either 
induced or spontaneous, is usually characterized by a 
maturation of the primitive neuroblast to a more 
differentiated ganglioneuroma cell. Remission appears 
closely related to the patient's ability to sustain an 
immune response to the tumor by which the neoplasm 
is eradicated or contained."? Total eradication without 
maturation is also seen. 

Evans and associates’ have proposed a clinical 
staging based on the extent of the disease.* 

Although the primary site, the extent of the disease, 
and evidence of histologic maturation are important 
factors in the prognosis of neuroblastoma, age appears 





* Stage I: Tumor confined to organ or structure of origin. Stage II: 
Tumor extending in continuity beyond organ or structure of origin, 
but not crossing the midline: regional nodes on the homolateral side 
may be involved. Stage III: Tumor extending in continuity beyond 
the midline: regional nodes may be involved bilaterally. Stage IV: 
Remote disease involving skeleton, organs, soft tissue, distant nodes, 
etc. Stage IV-S: Patients who would otherwise be Stage I or II but 
who have remote disease confined only to one or more of the 
following sites: liver, skin, or bone marrow (not bone). 
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TABLE 1. Secondary Operations in Neuroblastoma (Group A) 


562 
First 
Pa- Location Evan's Opera- 
tient Age Sex Primary Stage tion CT RTI 
l 9/12 F Pelvis Ill 3-21-79 + — 
2 512 F Mediastinum IV-S 10-23-73 + + 
3 2/12 M Pelvis Ill 11-2-75 + — 
4 11/12 F Retro- IHI 10-30-78 + = 
peritoneum 
5 19/12 F Paravertebral I 3-2-77 + * 
6 2 F Celiac IV 5-13-69 + — 
7 3 M Mediastinum IV 1-13-73 + E 
8 3 M  Retro- IV 3-25-76 + = 
peritoneum 
9 2 M Adrenal IV 8-28-75 + — 
10 l M Celiac IV 1-25-69 + — 
IEEE M Bone IV 4-29-70 + * 


to be the most crucial factor.'* There is likely to be an 
interrelationship between some, if not all, of the above 
factors. 

In an attempt to illumiriate the interplay and effects of 
the multiple modes of therapy and to describe the 
altered characteristics of tumors so produced, we have 
reviewed our ten-year experience with neuroblastoma. 


Materials and Methods 


Between January, 1969, and July, 1979, 37 infants 
and children with neuroblastoma were treated at the 
Oklahoma Children’s Memorial Hospital. From this 
number, 19 patients have been studied retrospectively 
to examine the impact of chemotherapy or radiation 
therapy on secondary surgery actually performed or 
theoretically possible. Group A (Table 1) includes 11 
patients who had two surgical procedures two to 52 
weeks apart which provide gross and microscopic 
study of the tumor before and after therapy. Group B 
(Table 2) includes eight patients who had an initial 
surgical exploration, postoperative chemotherapy and/ 
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Second Beck- Cause of Death 
Opera- with or (Complica- 
tion Procedure Ist/2nd Result tions) 
9-5-79 Complete excision  II/I Alive 
primary 
1-18-74 90% excision II/I Alive 
abdominal mass 
12-16-75 Laparotomy micro  II/I Alive 
tumor only 
6-30-76 <50% excision IIT/H Alive (Intestinal 
primary obstruction) 
4-16-79 Complete excision III/II Alive (Partial renal 
primary infarct) (PO In- 
tussusception) 
7-26-78 Laparotomy — no II/- Alive 
tumor 
6-13-79 Laparotomy, IV/IV Dec. Neuroblastoma 
biopsy 2-7-70 Pneumonia 
Anemia 
1-25-74 Partial excision IVAI Dec. Pneumonia, Con- 
cervical mass 9-24-74 gestive failure 
2-9-77 >50% excision IV/IV Dec. (Intestinal 
primary 8-14-77 obstruction) — 
Neuroblastoma 
11-24-76 95% excision of II/I-I1 Dec. Graft versus host 
abdominal mass 12-7-76 
2-7-69 <50% excision IHI Dec. Neuroblastoma 
6-5-69 Pneumonia 
1-10-71 Laparotomy, no IV/- Dec. Neuroblastoma 
tumor 6-2-72 


or radiation therapy, and death with necropsy two to 
116 weeks later. 

Ofthe 11 patients in Group A, the majority received a 
chemotherapy program of cyclophosphamide with 
vincristine, although two patients received a modifi- 
cation of the Helson"* protocol which included cyclo- 
phosphamide, vincristine sulfate, papaverine and 
F3TDR. Six patients in Group A and four patients in 
Group B received radiation therapy in the interval 
between operation and necropsy. Tumor doses ranged 
between 1200 to 3000 r. One patient received 300 rtoa 
localized bone lesion. 

All pathologic slides were first reviewed by one of us 
(H.K.) without the benefit of the patient’s clinical 
background. The tumor in each instance was graded 
according to Beckwith and Martin's classification.?* 


t Histological Grading of Neuroblastoma. Grade LE: Predomi- 


nantly differentiated: over 50% differentiated elements. Grade II: |. 


Predominantly undifferentiated: 5-50% differentiating elements. 
Grade III: Slightly differentiated: under 5% differentiating elements. 
Grade IV: Undifferentiated; no recognizable neurogenesis. 


- 
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TABLE 2. Operation —Necropsy in Neuroblastoma (Group B) 


Pa- Location Evan's Opera- 
tient Age Sex Primary Stage tion 
12 | 3/12 M Retroperitoneal IV 2-26-71 + 
? Adrenal 
13 65 F Retroperitoneum IV 2-26-71 + 
l4 8 M  Retroperitoneum IV 3-1-74 + 
? Celiac 
15 110/12 M Celiac IV 5-8-70 + 
l6 4 M  Celiac IV 1-31-74 + 
17 | M Adrenal I 3-25-71 + 
18 | 4/12 F Retroperitoneum IV 12-11-69 + 
19 l M  Celiac IV 10-22-70 + 


CT RT 


Beckwith 
Cause Grade 
Death of Death Op/Death Comment 
3-12-71 Neuroblastoma IV/IV 
7-28-71 Neuroblastoma [11-1 V/ Anemia-thrombocyto- 
Pneumonia HI-IV penia 
6-9-76 Neuroblastoma III-IV/ Primary more differen- 
Cardiomyopathy IH-IV tiated than 
metastases 
10-16-70 Neuroblastoma IV/IV Hepatic leukemia — 
Cachexia like metastases 
6-16-74 Neuroblastoma IV/IV Primary contained and 
Pancytopenia infarcted — 
Pneumonia ? resectable 
6-13-71 Neuroblastoma IV/IV Primary was fibrotic, 
? Measles calcified and 
Pneumonia necrotic 
4-19-70 Neuroblastoma IV/IV Primary was solitary 
resectable mass. 
First operation 
orbital biopsy 
2-14-71 Neuroblastoma II/IV Showed no response 


to therapy 


————————— Eee 


Following this classification, the gross reports and 
microscopic specimens from each case were correlated 
with the clinical course. Postmortem findings were 
reviewed from the viewpoint of the possible operability 
of the tumor. 

Operative records were reviewed to evaluate the 
operability of the tumor and the technical difficulties. 
and the clinical record for subsequent postoperative 
morbidity and mortality. 


Results 

Surgical Findings 

Twelve secondary operative procedures were per- 
formed in 11 patients (Table 3). Total or near total 
excision of the primary tumor following chemotherapy 
was possible in three patients. Five patients had a 
partial excision of the primary (three patients) or of a 
metastatic focus (two patients). There were no opera- 
tive deaths, and one postoperative death. One patient 
had intraoperative hemorrhage in an attempt at partial 
removal in which only biopsy was accomplished. 


Timing of Secondary Surgery 

No patient in this group received radiation therapy 
alone prior to secondary surgery. Early exploration 
eight to 12 weeks after initiation of chemotherapy ap- 
peared clearly unsatisfactory in our experience. In 
Patients 6 and 10 the tumor was found to be friable. 


hemorrhagic, and highly vascular. Blood losses were 
high even with biopsy or attempts at limited partial 
resection. A similar finding was encountered at 
necropsy in Patient 12 where a highly vascular tumor 
was present four weeks after the onset of chemotherapy 
(Fig. 1). 

By contrast, Patients 1 and 4 presented highly 
favorable resectable tumors 24 weeks after the onset of 


TABLE 3. Secondary Operations in Neuroblastoma 
(11 Patients —12 Procedures) 








Number 
of 
Patients 
Procedures 
Abdomen or pelvis 
complete excision 2 
partial excision 50-90% $t 
partial excision < 50% 2 
biopsy only | 
exploration —no tumor 3 
Cervical 
partial excision = 
Deaths, Postoperative 
Graft versus host, sepsis l 
Complications 
Operative hemorrhage | 
Intestinal Obstruction 3 
Adhesive band (2), Intussusception (1) 
Renal infarction, partial l 





* Metastatic lesion. 
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chemotherapy. Not only was there reduction in the size 
of the previously unresectable tumor. but with 
differentiation there was increased encapsulation and 
better tissue planes. The consistency of the tumor was 
firmer and the vascularity decreased (Fig. 2). Total 
removal was accomplished in both cases. Patient 2 had 
resection of a palpable metastatic abdominal tumor 
mass after 12 weeks of chemotherapy. Patient 16, al- 
though arising from the celiac region and a Stage IV 
tumor, appeared to have a potentially resectable 
primary tumor 18 weeks after initiation of chemo- 
therapy when death occurred due to pancytopenia and 
pneumonia. 


Surgical Mortality and Morbidity 


In the secondary operations there were no operative 
deaths and one operative complication, intraoperative 
hemorrhage, in Patient 6. Three patients developed 
postoperative intestinal obstruction: two due to an 
adhesive band related to the tumor Surgery area, anda 
third patient had postoperative intussusception. One 
patient was found postoperatively to have decreased 
renal function on the side of the excision of a primary 
adrenal neuroblastoma, and is presumed to have had 
infarction of the upper pole. No patient developed a 
wound infection or a dehiscence. 


Pathologic Correlation 


Four of the five surviving patients were less than one 
year of age and the fifth patient between one and two. 
Sequential examination of tumor material in each of 
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Fic. 1. Unfavorable tumor for resection 
— Patient 12. Undifferentiated neuroblas- 
toma (at left) with massive necrosis 
throughout much of the tumor associated 
with increased vascularity (Hematoxylin 
and eosin, x 100). 


these cases demonstrates evidence of maturation 
towards ganglioneuroma. In contrast 14 of 15 patients 
one year or older died, and in 13 of these patients the 
histologic grade was III and IV. Only one of these pa- 
tients manifested maturation to ganglioneuroblastoma. 
Maturation seen in the specimens appeared to evidence 
a dynamic process of cell differentiation rather than the 
replacement of immature neoplastic cells. 

Undifferentiated or slightly differentiated tumors 
were poorly encapsulated, hemorrhagic and multi- 
focally necrotic in both groups. The more differentiated 
tumors displayed less vascularity, hemorrhage and 
necrosis. 

Regional lymph node metastases were seen in four 
patients from both Groups A and B. There was evi- 
dence of tumor maturation in these sites. 

Unusual patterns and/or sites of metastatic spread 
were found. Lung metastases, which are rarely re- 
ported, were found in Patients 10. 14. 15 (Fig. 3). The 
liver involvement in Patient 15 was similar to a leu- 
kemic-like infiltration of the sinusoids (Fig. 4). In the 
same case the splenic sinusoids were also infiltrated. 
the only case in which the spleen was involved. The 
gastrointestinal tract and the ureters were spared in all 
cases although the latter structures were occasionally 
encased in a retroperitoneal tumor mass. 

Two patients having secondary operations sub- 
sequently died with no gross evidence of residual tumor 
at the operative site. Patient 9 died from graft versus 
host disease and sepsis secondary to blood transfusion. 
Microscopic foci of undifferentiated tumor cells were 
found within the virtually aplastic bone marrow (Fig. 
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Fic. 2. Favorable tumor for re- 
section. (A) Patient 1 — gross sur- 
gical specimen. The encapsulated 
ganglioneuroma shows multiple 
flecks of calcifications on the cut 
surface which is firm, but not 
necrotic. (B) Patient 1 — Micro- 
scopic specimen. The differenti- 
ated tumor is composed of numer- 
ous ganglion cells lying within a 
neurofibrillary stroma. Focal cal- 
cification is present (Hematoxylin 
and eosin, x 100). 


5). The other patient died from pneumonia and 
congestive heart disease. 

All the patients in Group B were found at necropsy to 
have metastatic tumor and in almost all cases profound 
cachexia. The tumor showed no change in the 
histologic grade in virtually all of these cases. 


Discussion 


Secondary surgery in neuroblastoma, which is the 
surgery of the initially unresectable or metastatic 
tumor, must be approached in a different way from the 
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first surgical exploration of such a patient. The second- 
ary exploration should be more aggressive because of a 
concern that the effective suppression of the tumor by 
chemotherapy is time-limited unless the disease is 
completely controlled. Survivors in Stage IV disease in 
one report were converted to complete responders by 
removal of the primary at a secondary operation." 
Secondary explorations can also provide pertinent 
histologic information concerning the extent of the 
tumor and its grade of differentiation. Such information 
may provide guidance for the intensity and spectrum of 
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further therapy. Localized disease, as seen in Patient 3, 
can be targetted for radiation therapy. 

The appropriate time for secondary surgery is after 
the demonstration of a favorable tumor response to 
therapy, and before there is loss of responsiveness of the 
tumor to therapy. Secondary exploration after radiation 
therapy has been recommended at four to six weeks 
after the initiation of therapy or three weeks after the 
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Fic. 3. Lung metastases — Patient 15. 
The lymphatics of the pulmonary 
interlobular septum contain nests of 
metastatic neuroblastoma (Hematoxy- 
lin and eosin, x 100). 


completion of therapy.*''* Our experience prior to this 
study would lead us to support these as appropriate 
limits. 

Re-exploration following chemotherapy is dependent 
on a demonstrated response in the tumor, but it is 
important to be aware that in 22/23 patients in 
Grosfeld's report who had complete clinical response 
of the primary tumor had residual tumor present on 






FiG. 4. Hepatic metastases — Patient. 15. 
The intralobular sinusoids and portal 
Iymphatics of the liver are infiltrated with 
neuroblastoma in a pattern similar to leu- 
kemia (Hematoxylin and eosin, x 100). 
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Fic. 5. Bone marrow — Case 9. The bone 
marrow manifests a few small infiltrates of 
undifferentiated neuroblastoma in an 
otherwise hypocellular marrow (Hema- 
toxylin and eosin, x250). 


exploration." The suggested time to operate following 
chemotherapy has been between 12 and 24 weeks after 
the onset of therapy or dependent on tumor response. '*!® 
Our experience would now favor somewhere between 
12 and 24 weeks. We would definitely avoid early 
exploration prior to eight weeks following the initiation 
of chemotherapy. 

Secondary surgery appears to be a justifiable risk. 
With appropriate regard to the preoperative prepara- 
tion of the patient, exploration can be carried out with 
acceptable morbidity and mortality.''^" Blood trans- 
fusions, if necessary, in patients with immune defi- 
ciency, need to employ irradiated blood. 

Our findings are in agreement with previous descrip- 
tions of the maturation of neuroblastoma treated by 
chemotherapy or radiation therapy. Beckwith's grading 
of the tumor appeared to correlate with the clinical 
course of the patients. Patient 18 is the only exception 
to the finding that Grade I-II had favorable clinical 
courses. The primary tumor tended to show a greater 
tendency to differentiate. While this may represent 
sampling error, the possibility that subpopulations of 
undifferentiated tumor cells possess greater propensity 
for metastasis is likely and in keeping with the accepted 
philosophy of the behavior of other tumors. That a 
primary site may have special biologic importance has 
been suggested experimentally.'^ 

Different patterns of metastatic spread were noted. In 
that these differ from prior pathologic descriptions of 
metastatic neuroblastoma,? they suggest an alteration 
in the tumor cells or in the host response. 
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Patient 9 had microscopic sites of undifferentiated 
tumor in the bone marrow. This finding contrasted with 
previously resected tumor which manifested moderate 
differentiation. This raises such questions as: Is the 
marrow a type of "sanctuary ' for neuroblastoma? Do 


these microscopic foci represent persistence of 
undifferentiated tumor or regression of more mature 
elements? What is the relationship of the depleted 
marrow and destroyed immune response to this 
tumor's presence? 

Lymph node metastases in Stage III disease have 
been described as having a poor prognostic signifi- 
cance.“ Our findings can neither support nor dispute 
this contention. It is likely that secondary explorations 
should include lymph node sampling and perhaps liver 
biopsy. Careful monitoring of the marrow in metastatic 
disease also provides the surgeon with an index of 
response to systemic therapy. 


Surgical Observations on Multimodal Therapy 


Surgeons, as well as radiotherapists and chemo- 
therapists, understand the role of surgery in complete 
excision ofaresectable neuroblastoma. Less clear to all 
involved is the surgical role in unresectable disease 
(either localized or disseminated) in the total scheme of 
multimodal therapy which these patients’ survival 
would require. Where there is a primary focus its surgi- 
cal eradication, even though delayed, remains desirable 
by secondary surgery where possible or by radiation 
therapv if necessary. Chemotherapy is necessary for 
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control of generalized systemic disease, and can sup- 
press the primary focus at least temporarily. With any 
therapy, the well-being of the patients immune system 
seems critical and the maintenance of good nutrition is 
vital. 

Secondary surgery in neuroblastoma should be 
viewed as the mode by which the primary focus of 
tumor is eradicated to the greatest possible extent. 
Selected metastases resistant to other modes of therapy 
may also require excision. Surgical exploration for 
biopsy and determining the extent of residual disease 
may aid in the choice of therapy or in the location of 
radiotherapy. 

As newer concepts of combined therapy for neuro- 
blastoma are developed, the surgeon needs to study and 
to evaluate constantly the impact of all modes of 
therapy in order to offer maximum cooperative support 
in improving survival in this difficult disease. 
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cently in application to adult tumors. Today, regarding adult 
tumors, ] believe the term "debulking should probably be re- 
served for total visible tumor excision when inadequate margins of 
normal tissue cannot be excised. 

| think it is time for surgeons who deal with adult cancer to 
follow the productive lead established by our colleagues in pediatric 
surgery and become more involved in cooperative, multi- 
disciplinary studies. The examples of Wilms’ tumor and em- 
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surgeons could shorten the time-frame considerably. 
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| congratulate Dr. Smith and all our pediatric colleagues for their 
dedication to such cooperative interdisciplinary studies and for the 
break-throughs in cancer therapy that have resulted. 


DR. WARREN H. Corr (Asheville, North Carolina): Dr. Smith 
and associates have presented many fine points in the problem of 
making nonoperable neuroblastomas into an operable phase. And 
this is very important because, as they indicated in their paper, 
two-thirds of the children will be nonresectable at the time they 
are first admitted to the hospital. 

You will recall their conclusions, that they recommend a second- 
ary operation four to six weeks after radiation, and 12-24 weeks 
after the initiation of chemotherapy. You recall also that four of the 
five survivors were under the age of one year, and that 14 of 15 
patients older than one year were already dead. And this has a 
sharp relationship to spontaneous regression in neuroblastoma, and 
| suspect that this is the reason I'm given the opportunity to dis- 
cuss this fine paper. 

In a book which Dr. Tilden Everson and | wrote on the subject 
of spontaneous regression a few years ago, we found 176 patients 
with that diagnosis between the years 1900 and 1966 which met our 
criteria. Neuroblastoma and cancer of the kidney were by far the two 
most common lesions giving rise to spontaneous regression. All 
of our cases with spontaneous regression of neuroblastoma were 
under the age of two years. This suggests that the older the child, 
the more serious the tumor, and much of the data presented by 
Dr. Smith goes along that line too. 

Why is the disease less serious at the age of 1 year? Is it due to an 
inherited immunity from the mother? And after a few years does the 
child, then, lose this mother immunity? And as more years go by, 
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does he build up immunity as individuals do to many diseases? | 
suspect this is very true. 

In their paper, the authors quote Beckwith and associates as 
reporting a very high incidence of in situ neuroblastoma in newborn 
autopsies. In my estimation, this is a very important finding, indicat- 
ing that the newborn must have protective immunity to neuro- 
blastoma. 

When Dr. Everson and I assembled the data in our book, we 
had no concept concerning the cause of spontaneous regression, 
other than the possibility it might be related to hormones. During 
the past few years, I have become convinced that stimulation of 
the immune process is the major explanation of spontaneous 
regression. 

Producing this stimulation of the immune process is, of course, a 
difficult problem; if we had the key to it, we'd have the key to the cure 
of cancer. But we do know that the use of BCG, as popularized 
by Dr. Morton of California, is one way of stimulating the immune 
process, and we must keep on trying to find better ways of stim- 
ulating this process. It is very important in the care of cancer pa- 
tients, just as important in the surgical care as it is in the medical 
treatment of a tumor, including, of course, chemotherapy and hor- 
mone therapy. We must take advantage of the patient's ability to 
produce immunity, and try to increase his resistance, thus helping us 
to help him. 

And before closing, let me give you some data we encountered 
in the history of our patients with spontaneous regression. Nearly 
40% of them were associated with some type of a massive unsuc- 
cessful effort to resect. Now, could this surgical process, or pro- 
cedure, have anything to do with the immunologic status of the pa- 
tient? Well, yes, l'm sure it does, but it is difficult to determine how. 

Now, in some animal experiments in our laboratory 20-25 years 
ago, we found that it did, but in a reverse direction; that is, the major 
operative procedure decreased the resistance of the animal to 
inoculated cancer cells. But under certain circumstances with a 
smaller operative stress could the immunologic status be stimulated 
instead of decreased? 

Again, I agree completely with the authors’ efforts to try to make 
these inoperable cases operable, because some of those will be really 
salvaged. 


DR. ANTHONY SHAW (Charlottesville, Virginia): Dr. Smith and his 
colleagues have our gratitude for continuing to try to make sense 
out of the treatment of this capricious and unpredictable, erratic 
tumor with which pediatric surgeons, primarily, have to deal. 

We also, as have most of those dealing with neuroblastoma, found 
that almost all our cures are in the first year of life, and that we are 
able to resect most of those. I notice that, of course, the ones that 
were resectable aren't included in this series; i.e., the ones that were 
resectable at the first operation. Four of five of the survivors under 
one were resectable the second time around. I wonder if, in retro- 
spect, they might have been resected the first time. 
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Dr. Smith correctly urges an aggressive surgical approach at the 
second operation. I think this is right, because we know we're not 
going to cure these babies unless we remove all the tumor, and 
all stops are out on the second operation. At the same time, we 
feel it's important to be as aggressive as possible at the first opera- 
tion. And certainly our chemotherapists and our radiotherapists 
like us to remove all of the tumor we possibly can. They prefer 
to treat small, residual tumors, rather than big ones. 

We have tended not to do a first operation now prior to chemo- 
therapy in some tumors of doubtful resectability. In many of these 
large tumors, we can make the diagnosis by seeing the tumor, by 
getting the urinary VMA's, and then assessing the resectability of 
the tumor with CAT scanning. We have found that CAT scanning 
has been very helpful in seeing whether these tumors are 
wrapped around the celiac axis, and getting some idea whether 
they'll be initially resectable; and if they are not, we tend to go 
right ahead with chemotherapy. And we certainly would agree with 
Dr. Smith that one shouldn't give chemotherapy for a week or two 
and then go right in, but one should give a good course of chemo- 
therapy, and follow these children with CAT scanning until the tumor 
becomes pretty static in size. The timing of when to operate on one of 
these tumors is difficult. It's like buying stock. You like it to get down 
as low as it's going to go, and catch it before it goes on the rebound 
and goes back up again. 

Dr. Smith mentioned that maturation was noted histopatho- 
logically in those four survivors under the age of one year, and 
I wonder whether he's implying that the treatment had anything to 
do with that maturation process. We all know, of course, that they 
tend to mature in that age group, as Dr. Cole has emphasized. 

Finally, the bone marrow: We have found two patients, both of 
whom with well-differentiated tumors, who had persistence in bone 
marrow during chemotherapy over many months, and one several 
years—the one that's now free of tumor for several years— and 
the other continues to have tumor in the bone marrow and tumor 
nowhere else, and otherwise is completely asymptomatic. One 
wonders whether the marrow is a sanctuary for this tumor. 


DR. EDWIN IDE SMITH (Closing discussion): In answer to Dr. 
Shaw's question, I can only speak about a portion of the tumors. I did 
believe that they were not appropriately resectable at the first time. 
In this same period of time, we do have seven survivors free of dis- 
ease who did have primary incision. We have three patients who had 
resections, but who are living with disease. 

Whether maturation is spontaneous or induced, I think, is un- 
known. On the other hand, we do feel that simultaneous with 
therapy there was demonstrable shrinkage and maturation. The 
final answer to that, obviously, cannot be stated with any 
definitiveness. 

It is interesting to know that Dr. Shaw has also seen cases which 
would suggest that perhaps the marrow may act as a sanctuary. 


Staging Laparotomy in Hodgkin's Disease 


J. MICHAEL STERCHI, M.D., F.A.C.S., RICHARD T. MYERS, M.D., F.A.C.S. 


Staging laparotomy (multiple liver and lymph node biopsies 
and splenectomy) was performed at the North Carolina Baptist 
Hospital in 123 patients with Hodgkin's disease. There were no 
deaths. Wound, pulmonary, intra-abdominal or urinary tract 
complications developed in 17 patients. Of those complications, 
one case each of pelvic abscess, subphrenic abscess, small bowel 
obstruction, staphylococcal peritonitis and subphrenic hema- 
toma required a major intra-abdominal operation. The 
patients were classified on the basis of histopathology: nodular 
sclerosis — 40, mixed cellularity —44, lymphocyte predominant 
— 24, lymphocyte depleted — 13, and undetermined —2. The 
pathological stage following laparotomy was unchanged from 
the clinical stage in 62%, reduced in 15%, and advanced in 23%. 
Subsequent therapy, therefore, was altered in 38% of the 
patients. Lymphangiography, done in 108 patients, showed 
Iymph node involvement in 46 patients and no involvement in 62 
patients. Of those lymphangiographic findings, 79% were 
confirmed histopathologically, 19% were falsely positive, and 
1.8% were falsely negative. There were positive findings of 
Hodgkin's disease in the spleen in 42% of patients. The staging 
laparotomy continues to be a valuable tool in the staging and 
treatment of Hodgkin's disease. 


HEN CLINICAL METHODS proved to be inadequate 
for evaluating splenic, hepatic and peritoneal 
lymph node involvement by Hodgkin's disease, the 
oncological surgery team at Stanford University began 
a series of exploratory diagnostic laparotomies, 
incorporating splenectomy and liver and para-aortic 
lymph node biopsies,’ and later, in female patients, 
ovarian transposition.’ Those laparotomies, first 
reported in 1969, resulted in restaging of the tumor and 
an alteration in the therapeutic plan in 50% of patients 
also having had a lymphangiogram. Since that time, 
many investigators have confirmed that staging 
laparotomy and splenectomy can 1) increase the 
precision of diagnosis, 2) better define the extent of 
disease, 3) promote more effective therapv, and 4) help 
clarify the natural history of Hodgkin's disease.'! 
However, among 719 patients reported up to 1973 
from 14 different institutions, staging laparotomy had 
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an overall mortality of 0.9% and a morbidity of 10%.'" In 
series reported since then, comprising 1428 patients 
from ten different institutions, the mortality from 
staging laparotomy has been 0.13%, the morbidity 
11.576 (Table 1).'*559.1.1471921 Those figures, plus 
concern over whether surgical exploration of the ab- 
domen is justified for Stage I or Stage II lesions located 
above the diaphragm, make it necessary for medical 
centers to periodically re-evaluate their experiences 
with staging laparotomy.'" The following is an examina- 
tion of our results from 123 staging procedures done 
over a nine-year period (1969— 1978). 


Methods 


The ages of the 72 male and 51 female patients with 
histopathologically verified Hodgkin's disease under- 
going a staging laparotomy ranged from 9 to 74 years. 
Ninety-eight patients were younger than 50 years of 
age; 25 were older. Six patients were black: 117 were 
caucasian. 

Clinical presentation was in the cervical nodes of 84 
patients, the axillary nodes of 13 patients, the medi- 
astinal nodes of 13 patients, the groin of 5 patients, and 
the abdomen of 8 patients. 

Clinical staging was based on history, physical 
examination, roentgenograms, laboratory findings, 
lymphangiograms and bone marrow biopsies.? Fever, 
night sweats and unexplained weight loss were con- 
sidered significant historical findings. Special attention 
was paid during the physical examination to peripheral 
lymph nodes, the liver, the spleen, and mass lesions. If 
mediastinal and/or hilar adenopathy was present on 
chest roentgenograms, whole lung tomography was 
done as well. Complete blood cell counts were done, as 
well as measurement of erythrocyte sedimentation rate 
and liver function tests. Skin tests, done to determine 
immunological status included PPD, candida, derma- 
tophyton and Varidase. Bilateral lower-extremity 
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lymphangiograms were obtained in 108 patients: 46 
were interpreted as positive, 62 as negative. Bone 
marrow biopsy was done in most patients; radioisotope 
scan and percutaneous liver biopsy were done in a few 
selected patients. 

Pathologic staging was based on a staging laparotomy. 


Operative Technique 


The 123 operations were done by eight surgeons 
employing a similar staging procedure. In general, the 
operation consisted of splenectomy, liver biopsy, and 
multiple biopsies of abdominal nodes, usually through a 
vertical midline incision. The midline approach was 
favored by surgeons who believe that lower abdominal 
transverse wounds for removal of iliac nodes lead to a 
high incidence of lymphocele. Bone marrow biopsies, 
ovarian repositionings, and appendectomies were done 
when needed. Prophylactic antibiotics were not used 
routinely. 

In most instances, the splenectomy was done first. 
The posterior peritoneal attachments, the splenocolic 
ligament, and the short gastric vessels were divided; the 
splenic artery and vein were dissected posteriorly, 
divided, and ligated individually; and at least one 
metallic clip was placed on the splenic pedicle for 
subsequent radiographic identification. Any accessory 
spleens were removed. The splenic bed was not drained 
routinely. 

Next, a wedge biopsy of the anterior edge of either 
the right or the left lobe of the liver was done. (A 
method by which this can be done without bleeding is 
described.) Deep, bilobar liver biopsies were then 
taken with a biopsy needle. and any areas of focal 
involvement or areas appearing abnormal were 
biopsied. 

Access to the para-aortic and iliac area was done as 
described by Sandusky.'5 Grossly abnormal para-aortic 
and iliac lymph nodes were excised. If no abnormal 
glands were apparent, the preoperative lymphangio- 
gram was consulted and nodes appearing positive or 
equivocal there were excised. Metallic clips were 
placed at the excisional sites and roentgenograms were 
taken and compared with the lymphangiogram to 
assure that all suspicious-appearing nodes were 
removed. Similar sampling was done in the celiac axis, 
the portohepatis, the mesentery, the splenic hilum, and 
the iliac area, although metallic clips usually were not 
placed in the mesentery, since they might have been 
confused with those in the retroperitoneum. 

Whenever preoperative bone marrow biopsies were 
unsatisfactory, an open biopsy from the ileum was 
done. 

Associated surgery (appendectomy, cholecystec- 
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TABLE 1. Complications and Deaths Following Staging 
Laparotomy for Hodgkin's Disease 


Num- Per Cent 
Num- ber of of Num- Per Cent 
ber of Compli- Compli- ber of of 
Series Patients cations cations Deaths Deaths 
Ferguson’ 81 2 2.3 | 1.2 
Sandusk y '^ 111 13 11.7 0 
Lee"! 50 5 10.0 0 
Urlaub?! 107 20 18.7 0 
Rosenstock'? 347 27 7.8 0 
Cannon: 400 71 17.7 0 
Andrassy' 76 20 26.3 0 
Paglia'* 51 6 11.8 0 
Gamble‘ 155 10 6.5 l 0.65 
Hermreck” 50 13 26.0 0 
1428 164 113 2 0.14 


tomy, tubal ligation, ovarian transposition, gastrec- 
tomy, and small bowel resection) was done when 
necessary (Table 2). 

Closure of the principal fascial layers was done with 
interrupted, nonabsorbable suture material. Naso- 
gastric suction was maintained for several days post- 
operatively to reduce the effects of ileus. 


Results 
Staging Laparotomy (Table 3) 


When the clinical stage determined preoperatively 
was compared with the histopathologic stage deter- 
mined by laparotomy, the following was found: clinical 
stage unchanged in 76 patients (62%), reduced in 19 
patients (15%), and advanced in 28 patients (23%). 
Thus, an occult subdiaphragmatic disease rate of 23% 
was detected, and an overall change in stage of 38% (47 
patients) was effected. | 


Complications ( Table 4) 


There were no deaths in the series. Seventeen 
complications, of which seven were considered major, 
occurred in 17 patients. Three of the seven major 


TABLE 2. Associated Operations 


Number 
Operation of Patients 

Appendectomy 32 
Oophoropexy 16 
Cholecystectomy 3 
Tubal ligation l 
D&C 2 
Gastrectomy l 
Thoracotomy l 
Ureteropelvic junction repair E 
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TABLE 3. Comparison of Staging Before and After 
Laparotomy in 123 Patients 





Pathologic Stage 


l 2A 2B 3A 3B 4A 4B 





Total 
Clinical Stage 

l 18 2 20 
2A 3] 8 l 2 42 
2B 6 T | 14 
3A l 8 8 l 18 
3B 5 8 6 19 
4A l l 
4B 5 4 9 
Total 19 39 11 18 20 3 13 123 





complications occurred in Stage II and Stage IV 
patients. Five of the major complications required 
reoperation, for a reoperation rate of 4%. 

The one case of pelvic abscess was related to lateral 
oophoropexy and devascularization of the fimbriated 
end of the fallopian tube. The staphylococcal peritonitis 
occurred without evidence of contamination from the 
gastrointestinal tract. Significant wound hernia did not 
result from the two wound dehiscences. The sub- 
phrenic hematoma resulted from a major pedicle bleed 
and eventually required drainage because of fever. The 
subphrenic abscess was drained approximately two 
weeks postoperatively. 

The minor complications all cleared readily with 
standard therapy. 


Associated Operations ( Table 2) 


Of the 55 associated operations, 32 were incidental 
appendectomies, most of which were in patients 
younger than 30 years. Although oophoropexy was a 


TABLE 4. Complications of 123 Staging Laparotomies 








Number 
of Pathologic 
Complication Patients Stage 
Major 
pelvic abscess l 2A* 
staphylococcal peritonitis l 4B* 
small bowel obstruction | 4A* 
wound dehiscence 2 1A, 3B 
subphrenic hematoma l 2A* 
subphrenic abscess | 2B* 
7 (5.6%) 
Minor 
urinary tract infection 4 
atelectasis 2 
ileus 2 
pulmonary edema | 
wound seroma l 
10 (8.4%) 


CS a a eS A  — ee ee 
* Required reoperation — 5/123 (4%). 
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routine part of the staging laparotomy in young men- 
struating women, it was listed separately for this 
presentation. Nine of the oophoropexies were to the 
midline position, seven to lateral positions. The chol- 
ecystectomies were done for associated cholelithiasis. 


Spleen 


The spleen was positive for Hodgkin's disease in 52 
patients (42). The average weight of positive spleens 
was 415 g, whereas the average weight for negative 
spleens was 241 g. However, many small spleens (some 
weighing less than 100 g) were positive for Hodgkin's 
disease, and the size of the uninvolved spleens varied 
considerably. Thus, preoperative clinical staging was 
not a reliable indicator of splenic involvement in 
Hodgkin's disease. 


Lymphangiograms 


Of the 108 lymphangiograms done preoperatively, 
79% were confirmed histopathologically, 19% were 
considered false positive, and 1.8% were considered 
false negative. 


Histopathology ( Table 5) 


Lesions were classified histopathologically on the 
basis of the criteria of Lukes and the Rye Conference on 
Hodgkin's disease.” 


Discussion 


The initial diagnosis of Hodgkin's disease is made by 
a peripheral node biopsy in about nine out of ten 
instances.? Unless additional biopsies can establish that 
the disease has reached Stage IV, or the patient's 
condition is a contraindication, the patient is con- 
sidered for an exploratory laparotomy, since surgical 
staging is the most reliable method for ascertaining intra- 
abdominal nodal and extranodal involvement. How- 
ever, staging laparotomy is useful only 1) as long as it 
leads, with reasonable frequency, to a changed clinical 
stage and, thereby. to an improved therapeutic plan, 
and 2) as long as it does not result in excessive 
morbidity and mortality.” 


TABLE 5. Histopathology Based on Rye 
Conference Classification"? 








Number 
Cell Type of Patients 
Nodular sclerosis 40 
Mixed cellularity 44 
Lymphocyte predominant 24 
Lymphocyte depleted 13 
Indeterminate 2 


123 
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In this series of 123 patients with Hodgkin's disease. 
staging laparotomy resulted in a change of stage in 38%, 
' a figure similar to that of other authors.^** 7! 161977 
Our overall complication rate (14%), with a 0% 
mortality, also correlates well with that of other 
series.?:1" 17.115 Some authors believe that the rate of 
surgical complications from the staging laparotomy 
increases considerably in patients over the age of 50 
years;"'* others, Urlaub and Mack,*' for example, 
disagree. Although four of our major complications 
occurred in patients 59 years old or older, we do not 
believe that age alone should be a limitation to the 
operation. 

Our accuracy rate for preoperative lymphangiog- 
raphy was 79%, a percentage correlating well with that 
in other series.! *!!^5 In addition, we, too, found that 
the lymphangiogram is a useful intraoperative guide to 
the questionable and positive nodes. It has been sug- 
gested that one of the disadvantages of the preoperative 
lymphangiogram is that it does not allow proper 
evaluation of splenic involvement and extranodal 
fecurrences, 9.1» 

In 40 of the 123 patients (32%) one or more intra- 
abdominal lymph nodes were involved. Reviewing a 
large number of series Sweet et al.” reported a per- 
centage of from 31 to 46%. In 13 of the patients (11%), 
splenic involvement alone was found at staging laparot- 
omy, again a figure in agreement with the average 
(8— 14%) reported by Sweet et al. 

At present, since clinical staging is inadequate in 
approximately 33% of patients with Hodgkin's disease, 
the staging laparotomy continues to be of value both in 
diagnosis and in therapeutic decisions. It is of little 
value for patients in whom Stage IV disease can be 
established clinically, and it is often impossible in 
patients whose clinical condition is too fragile for a 
major diagnostic operation to be considered. While 
morbidity and mortality are within acceptable ranges, 
considering the value and extensiveness of the opera- 
tion, our attempts to decrease those rates must be 
unending. 


DISCUSSION 


DR. WILLIAM R. SANDUSKY (Charlottesville, Virginia): At the 
1977 meeting of this Association, my colleagues and 1 presented the 
University of Virginia's eight-year experience with staging laparotomy 
in 111 patients with Hodgkin's disease. Excepting for differences 
among the histologic subtypes, our results are strikingly similar to 
those observed at Winston-Salem (Table). 

The use of total nodal plus splenic irradiation would eliminate the 
need for staging laparotomy, but would result in overtreatment of 
patients in whom no disease is present below the diaphragm, and 
inadequate treatment of those in whom Stage IV disease is con- 
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firmed at laparotomy. The treatment plan that would have been 
followed on the basis of clinical staging alone in our series was 
changed in 42 patients, or 38%, as a result of laparotomy. Radia- 
tion therapy was decreased in 17 patients, increased in nine, changed 
to chemotherapy in six, and combined with chemotherapy in seven. 
Chemotherapy was changed to radiation therapy in three patients. 

To whom should staging laparotomy be offered? The risks of mor- 
bidity and mortality that may follow intraoperative exploration, 
splenectomy, liver and lymph node biopsies should be balanced 
against the benefit of information leading to precise therapeutic 
strategy. Thus, in the setting of our currently available diagnostic 
and therapeutic options, we believe that a staging laparotomy 
should be offered to all patients with Hodgkin's disease excepting 
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Number 111 123 
Mortality Zero Zero 
Morbidity 12% 14% 


Clinical stage to 
pathologic stage 


unchanged 64% 62% 

reduced 20% 15% 

advanced 16% 23% 
Spleen positive 39% 42% 
Lymphangiogram 

confirmed 11% 79% 

false positive 21% 19% 

false negative 2% 2% 
Therapy altered 39% 38% 
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those in whom Stage IV disease is established or apparent, and in 
whom a major diagnostic operation is considered ill advised. 


DR. WILLIAM T. RUMAGE, JR. (Louisville, Kentucky): I rise to 
speak about the problem of the 20% error in lymphangiographic 
interpretation. To improve the interpretation of lymphangiograms, 
we plan for intraoperative consultation with the radiologist. Pre- 
operatively, put a 14-inch x 17-inch cassette under the patient, take a 
scout film (slide) and then intraoperatively search out and remove 
the lymph nodes about which he is particularly concerned and clip 
the pedicles. (Slide) We found this approach helpful in establish- 
ing a correlation between x-ray and microscopic lymphangiographic 
analysis. 

The point which Dr. Dick makes in his manuscript, which I think 
is extremely important, is the use of preoperative nasogastric intuba- 
tion to decompress the stomach, making the dissection of the spleen, 
particularly the splenogastric vessels much more safe. 


DR. RICHARD G. MARTIN (Houston, Texas): I arise again because 
| think this is an important subject, and one, when we first started 
to do staging laparotomies back in the late '60's, that we had some 
apprehension about, but I think it has definitely proven itself. 

A lot of emphasis has been placed on the lymphangiograms, but | 
want to mention that, of course, the lymphangiogram has limita- 
tions, in that it does not show nodes above the level of L-2, and it is in 
this area that the majority of primary lesions about the diaphragm 
will show metastases, or involvement of the lymph nodes. 

Also, I would like to ask if —I know they did 32 appendectomies— 
as to whether they routinely do them. We do, because if the patient 
does need treatment to the abdomen, in the method of either x-ray 
therapy or chemotherapy, and they develop abdominal pains, we 
don't know whether they have appendicitis or not. So we prefer to 
remove the appendix routinely. 

We had such a case as this, and it caused alot of dilemma, and, un- 
fortunately, it was in a doctor's son. 

The value of staging laparotomy, I think, is beginning to show, 
especially with the use of combined therapy, chemotherapy and 
x-ray therapy. We had treated most of our Stage I and II with x-ray 
therapy at the Anderson Hospital. However, we did find after running 
a series of Stage IIl and Stage I and Ils, that the Stage II] with chemo- 
therapy and/or x-ray therapy seem to do better than the Stage II 
with just x-ray therapy alone. So the possibility of treating some 
of these with chemotherapy is also coming up at this time. 

I think, also, we need to, as was stressed by Dr. Sandusky — that 
it's important to know when to give chemotherapy and when to 
give x-ray therapy, or the combination of the two, because the two 
together seem possible to cause either acute leukem:a or some other 
primary carcinoma at a later date. 
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DR. EDWARD T. KREMENTZ (New Orleans, Louisiana): I rise to 
present the other side of the coin. 

Lymphoma is a subject that I have been interested in for over 35 
years since I was first exposed to the remarkable response of a patient 
with Hodgkin's Disease during my residency at the New Haven 
Hospital and to the use of a mysterious drug called "X^ which 
later turned out to be a nitrogen mustard. When I first came to New 
Orleans, and having some knowledge of chemotherapy, I started 
treating a number of lymphomas and have continued to do so both as 
an individual physician and as a cooperative group member, first 
COG and now SWOG. 

The idea of staging Hodgkin's was initiated to place patients in a 
definitive treatment plan. Stage I and II patients received irradiation, 
Stage III] and IV patients received chemotherapy. That was fine, and 
we arranged the patient treatment on the basis of operative staging. 
In more recent years, as Dr. Martin has alluded, treatment plans are 
not so definite. Chemotherapy and radiation are used together for 
many Stage II and III patients. The Stage I and IV patients usually 
don't need operative staging as their treatment plans are less con- 
troversial. 

Hodgkin's Disease is usually a systemic disease accompanied by 
serious immune deficiency. The complications with Hodgkin's fol- 
lowing Staging can be very severe, particularly if infections de- 
velop and sometimes mortality will result; sometimes definitive 
therapy can be delayed for many months as a result of the com- 
plication from operative Staging. I had one patient in whom definitive 
therapy was delayed for six months in order to treat the complication 
from Staging. Furthermore, when the spleen is removed, the im- 
mune deficiency is compounded so that these children and young 
adults, after Staging, require prophylactic antibiotics to prevent 
infection. 

So, along with the improved diagnostic techniques that we now 
have— such as CAT scanning and sonography and so on— we really 
should think very carefully when we recommend operative Staging 
for Hodgkin's Disease. It's an expensive procedure and takes up à 
lot of hospital time. If we're going to alter therapy, fine, but if we are 
just doing this to classify patients for experimental chemotherapy, 
then the patient should be told and allowed to decide whether he 
wants to be a guinea pig or not. 


DR. LOREN J. HUMPHREY (Kansas City, Missouri): I would like to 
zero in on the question of the lymphangiogram just a little bit further. 
It does have a false positive rate of 20%, and it has been the center of 
some controversy among the staging protocol. 

I think the question we need to zero in on is: How often does it 
really help the surgeon at the operating table? And this is my question 
to Dr. Sterchi. How often does the surgeon intraoperatively have 
trouble seeing clinically normal lymph nodes and need the aid and 
the guidance of the preoperative lymphangiogram? 

The second question is one that deals with the more fundamental 
problem of Hodgkin's disease, and Dr. Krementz alluded to that. Lest 
we be lulled into happiness with the last decade, and the improved 
survival that has come to us from staging, I think we need to focus 
on the next decade. And that is, while the current staging leads to 
aggressive therapy, and so-called 50% permanent cure, that means 
that we're losing 50%. 

If one thinks of, historically, the fact that the patient with Hodg- 
kin's disease is immunologically unresponsive, we need to look at 
the classification for Hodgkin's disease, and remember that the most 
favorable group are those that have the lymphocyte predominance. 
The least favorable group in the Rye classification are those that are 
the lymphocyte depleted. 

We presented some data on this with breast cancer at the National 
Breast Conference, that perhaps is more typical of solid cancers. And 
my question that I’m leading up to is: Is Hodgkin's disease different 
from that? 

What we showed was that the patient with a primary breast cancer 
less than 2.5 cm in size, there was no immunologic recognition of 
that tumor; in Ehrlich's immunologic terms, a state of "self," if you 
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will. When the primary was between 2.5 and 5 cm, the patient recog- 
nized the tumor as foreign, or a stage of "not self." 

Interestingly enough — and this is true for Hodgkin's disease, and 
most tumors, when that primary was greater than 5 cm, there was 
no recognition of the tumor. 

One of the theories that is in contradistinction to this is that pro- 
posed by Order and Hellman, who state that there is a T-cell defect 
throughout the history of Hodgkin's disease: that it is in the face of 
this T-cell defect that the Reed-Sternberg cell is able to proliferate 
and become neoplastic. 

My question to Dr. Sterchi, because they did mention in the manu- 
script that they were performing immunologic studies, is one that 
speaks to the immunologic competence throughout the various 
stages of Hodgkin's disease: Does the immunologic recognition 
by the host vary by stage, and can it be correlated with the prog- 
nosis of the patient? 


DR. JAMES F. NEwsoME (Chapel Hill, North Carolina): I rise to 
emphasize the comment that Dr. Krementz made. Earlier, it was our 
policy to stage everyone with Hodgkin's disease and, indeed, even 
non-Hodgkin's lymphomas. I think the pattern that we have come to 
now, in the face of the chemotherapy results that Dr. Krementz 
and others have made reference to, is to ask the chemotherapist: 
How would this change your therapy? And in that sense, we select 
the individuals for staging laparotomy. 

My specific question to Dr. Myers and Dr. Sterchi is: It's been 
recognized that pneumoccal sepsis is increased in individuals of this 
sort. Do you use the polyvalent serum, Pneumovax, routinely after 
splenectomy under this circumstance, even in adults? 


DR. J. MICHAEL STERCHI (Closing discussion): A few words of my 
own, initially, before I try to answer the questions. Our purpose 
with this paper was primarily to evaluate the data from our institution 
and to compare it to that in the literature. We found, as Dr. Sandusky 
pointed out very well, that our change of stage was 28%, which 
correlates well with the rest of the literature; our morbidity rate was 
14%, which correlates well; our mortality was 0%, which correlates 
well; we had a 79% accuracy rate for the lymphangiogram, which 
correlates well; the percentage of lymph nodes within the abdomen 
that alone were positive was 30%, which correlates well; and, finally, 
the percentage of spleens that alone were positive was 11%, which 
also correlates very well. We found, essentially, that our data were 
similar to those in other series. 

Of the 47 patients who had a change in stage, 16 received less 
radiation, 18 received more radiation, five had chemotherapy added 
to their radiation therapy, and four were given chemotherapy instead 
of radiation. 

Other advantages of this operation that we consider significant 
are: particularly in the Stage IV patients— and there were some 
—it allowed us to "'de-bulk" them, so that they could be treated 
more effectively with lower doses of radiation. It also probably de- 
creased the incidence of hypersplenism; and it allowed the secondary 
operation of oophoropexy in menstruating females. 

Now, to answer some questions, more or less. Dr. Newsome 
asked specifically whether we use polyvalent serum, and we do, 


LAPAROTOMY IN HODGKIN'S DISEASE 575 


but of course we have only been using it for the last several years. I am 
not sure that we are using it to its fullest advantage, since the 
hematologists at our institution have been giving it only immediately 
before or immediately after operation. Probably, a better response 
would be obtained if it were given several weeks before operation. 

As for Dr. Humphrey 's questions, we agree with him and more or 
less agree with Order and Hellman's concept that Hodgkin's disease 
represents a T-cell deficiency. I think of it as perhaps a viral infection. 
That may be a naive approach, but the virus may infect, with varying 
antigenicity, with a graft versus host response. 

I’m sorry to say that the skin test, which is our main immunologic 
parameter in these patients, has been used only very recently, and 
we do not have available skin test results for all 123 patients. We are 
continuing its use. but the results we have not considered in the 
analysis of our series. 

To answer Dr. Humphrey's question about lymphangiography, 
I think once one gets some experience in doing staging laparotomies, 
and gets a feel for dissecting the retroperitoneum and dissecting the 
portal and celiac areas, it is not absolutely necessary to have a 
lymphangiogram. However, since a lymphangiogram can be done at 
low cost and low morbidity, it's worth having. 

We agree with Dr. Rumage that an intraoperative x-ray should 
be obtained, and we follow this rule very closely. We take the x-ray 
after the node has been moved, to stress to the residents and others, 
and also to the patient, that the node of concern— assuming the 
lymphangiogram was positive— has indeed been removed. 

I'd like to emphasize the fact that we found, in agreement with 
others, that the lymphangiogram is extremely accurate whenever 
it's negative, that accuracy being 98.2% at our institution. On the 
other hand, the accuracy of the lymphangiogram when it is positive 
falls to about 80%. That is a real problem, and I don’t know of anyone 
who has been able to demonstrate a better accuracy rate for positive 
lymphangiography than 80%. 

We also avoid an "'equivocal'' interpretation of the lymphangio- 
grams, our radiologists choosing to call them either positive or 
negative. 

(slide) This is the worksheet of the summary that Dr. Myers gave, 
which shows the various breakdowns of the stages and how they 
worked out. As you can see, a significant number (21 out of 76) of 
Stage I and Stage II patients were advanced to Stage III. For that 
reason, despite the controversial nature of the problem, we believe 
that staging laparotomy should be performed in Stage I and Stage II 
patients. Those two groups constitute a highly rewarding group of 
patients, in our series at least, in that a number of them have their 
stage changed. 

In answer to Dr. Martin's question about routine appendectomies, 
we started doing them because of experiences similar to his: that is, 
several of our patients had postoperative abdominal symptoms in 
the midst of their radiotherapy or chemotherapy that were suggestive 
of appendicitis. Rather than risk the chance of interrupting or 
complicating those treatments, we adopted the policy of doing in- 
cidental appendectomies, particularly in young patients (under the 
age of 20), since they have a higher incidence of appendicitis, and 
in any older patients who had a fecalith or other foreign body 
present in the appendix. 

Are there other outstanding questions? I think I've covered most 
of them, but I’m not certain, there were so many. 


Major Hepatic Resections for Metastatic Colorectal Cancer 


MARTIN A. ADSON, M.D., JONATHAN A. VAN HEERDEN, M.D. 


In 1973, our study of patients with resectable hepatic 
metastases from colorectal cancer compared survival of 60 
patients who had metastases removed with survival of 60 
patients with similar lesions that had been biopsied only. We 
concluded that excision of small, apparently solitary metastatic 
lesions could be justified on the basis of the low operative risk 
and prolonged survival. However, the risks and benefits of 
resection of larger metastatic lesions could not be determined 
by that earlier study, because only seven of those patients had 
lesions so large as to require major hepatic resection. 
Therefore, to evaluate size as a determinant of prognosis after 
resection, we added to those 7 patients 27 others who were 
managed since 1973 by major hepatic resection of larger 
metastases. There were two hospital deaths. Of the 32 surviving 
patients, 82% lived one year or more, 77% 18 months or more, 
58% two years or more, and 41% three years or more 
postoperatively. Three patients are living 10—22 years after 
resection. We conclude from a critical analysis of the duration 
and quality of life of surviving patients that at least 20% and 
perhaps 30% of these patients were benefited by major hepatic 
resection of their large hepatic metastasis. 


N 1962, WAUGH? REVIEWED Our institutional experi- 
I ence with resection of hepatic metastases from 
various visceral cancers. The postoperative mortality 
was 4%, and 20% of surviving patients lived five years 
or more. Since then, Foster,* in his nationwide liver 
tumor survey, reported similar survival rates after a 
somewhat higher average postoperative mortality; and 
recently, Fortner* reported encouraging results from 
resection of hepatic metastases. Nevertheless, such 
treatment is not yet accepted as conventional wisdom. 

Even within our own institution, attitudes about 
surgical management of hepatic metastases have 
varied. This was evident in our retrospective review of 
1973, for we were able to study two different groups of 
patients in our institutional files. One was a group of 60 
patients who had had hepatic metastases from 
colorectal cancer removed surgically. The other group 
of 60 patients, matched by age and sex, had had lesions 
of similar size and number which had been noted and 
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examined by biopsy but had not been resected. We 
learned from our review that these two groups were 
determined by differences in the philosophy and 
practice of the various surgeons. 

That retrospective study, published in 1976,* can be 
summarized briefly. Forty of the resected lesions 
appeared to be solitary, and 20 patients had multiple 
lesions removed. Significantly, all but 7 of the 60 lesions 
were small enough to be removed by simple, safe wedge 
resection, a procedure associated with no postopera- 
tive hospital mortality. 

Surgical results in the small group of patients who 
had multiple metastases were inconclusive: mean 
survival rates were longer after resection than after 
biopsy only. but no patient who had resection of 
multiple metastases lived for five years. However, 
survival rates after resection of apparently solitary 
lesions were unexpectedly favorable: 42% of patients 
lived for five years or more after removal of a metastatic 
lesion, and the ten-year survival following resection of ap- 
parently solitary lesions was similarly impressive (28%). 

The extent to which selective bias for or against 
resection might have accounted for these results could 
not be determined retrospectively. However, com- 
parison of the survival curve for patients having 
resection of solitary lesions with a curve derived from 
the "control" group indicates that resection most likely 
did enhance survival (Fig. 1). 

We concluded from that earlier study that small, 
apparently solitary hepatic metastatic lesions should be 
removed, for such treatment involves little surgical risk 
and a surprising proportion of patients appear to be 
benefited. 

Unfortunately, that study does not help us with 
decisions regarding many of the patients with hepatic 
metastases whom we have seen in recent years. Now, 
most of the patients seen for consideration for hepatic 
resection have been referred by physicians or surgeons 
who have used biologic markers (such as CEA assay) or 
radionuclide scans of the liver to monitor the progress 
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of their patients after resection of colorectal cancer. 
These studies have identified metastases that developed 
some time after colonic resection, that are large, or that 
are symptomatic. Because our earlier study involved 
mostly tumors that were small and asymptomatic or 
had been found incidentally during colonic resection, 
the risks and benefits involved in major hepatic 
resections done for larger lesions were incompletely 
assessed. Therefore, our current study concerns the 
risks and possible benefits of major hepatic resections 
of large metastases from colorectal cancer. 


Materials and Methods 


To evaluate the role of surgery for hepatic metastases 
from colorectal cancer that are so large or so situated as 
to require major resection, we identified those seven 
patients in the retrospective study who had major 
resections of large lesions and added 27 cases of major 
hepatic resections done since 1973. 

Twenty-two of these patients were men and 12 were 
women. Eleven lesions were multiple and 23 were 
solitary. Resected lesions varied in size from 6to 17 cm. 
with an average size of 10 cm. Only four of the tumors 
were less than 7 cm in diameter. Generally, the size of 
the lesion did correlate with the scope of the resection, 
but not always; the location of the lesion may also 
determine the extent of resection required for its 
removal. 

Resection involved 12 segmentectomies, 19 lobec- 
tomies, and 3 trisegmentectomies. We have considered 
segmentectomy done close to the hepatic hilus to be a 
major operation. Also, some segmental resections of 
the right lobe may involve greater problems with 
hemostasis than does formal lobectomy. 


Results 


Two of the 34 patients died during hospital con- 
valescence. The first death (in 1966, included from the 
retrospective series) involved a young man who had 
suffered intolerably before operation from an ob- 
structing cecal lesion and painful expanding liver 
metastasis. There had been no alternative to con- 
comitant right hemicolectomy and right hepatic 
lobectomy. He died on the twenty-first postoperative 
day, from a hemorrhagic stress ulcer—a complication 
more likely to be avoided by current postoperative 
management. 

The recent postoperative death (February 1979) in- 
volved an energetic, asymptomatic 75-year-old man 
whose small, apparently solitary hepatic metastatic 
lesion had been noted and biopsied but had not been 
removed by his referring surgeon, who had resected the 
primary colonic lesion. Expecting to perform a simple, 
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earlier retrospective study (Reprinted with permission from Wilson 
SM, Adson MA: Surgical treatment of hepatic metastases from 
colorectal cancers. Arch Surg 1976: 111:330—333). 


safe wedge resection, we advised reoperation despite 
his age. A second metastatic lesion (undisclosed by 
preoperative computed tomography) was found in the 
right hepatic lobe. Right hepatic lobectomy, which then 
seemed justified, led to a complicated convalescence 
and late hospital mortality. 

Postoperative morbidity in the 27 major resections 
done since 1973 has been minimal. Only six patients 
required hospital convalescence for longer than 12 
days, and the longest period of postoperative hospital- 
ization was 18 days. The average stay in hospital after 
operation was 11 days. Transient pleural effusion, 
drainage of bile from tubular drains, and indeterminate. 
self-limited febrile reactions were complications that 
required the prolonged period of postoperative 
observation. 

The results of treatment must be considered in light 
of the fact that one-third of patients had multiple 
lesions. Also, approximately one-fourth of the 34 pa- 
tients had major hepatic resection despite the presence 
of extrahepatic metastases. Resection in these circum- 
stances may be hard to justify, but it was undertaken for 
some symptomatic patients and in others it was 
considered, in concert with the views of our medical 
oncologists, as a debulking procedure. Also, resection 
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may at times have been done to satisfy the patient's or 
perhaps the surgeon's expectations—a curious, and 
perhaps understandable, manifestation of what might 
be termed "surgical momentum." 

The results of treatment of surviving patients may be 


viewed in three different ways: (1) by the percentage of 


patients surviving for given periods of time, (2) by a 
survival curve (to be compared with historical or 
retrospective controls), and (3) by consideration of 
each individual patient's preoperative status and post- 
operative progress with respect to length and quality 
of life. 

I) Of the 32 surviving patients, 82% lived for one 
year or more postoperatively: 77% lived for 18 months 
or more; 58% lived for two years or more: and 41% lived 
for three years or more. 

2) Statistical analysis of survival has limited signifi- 
cance because of our small sample size, and again we 
were frustrated by the lack of a truly suitable group of 
controls. However, we can compare the survival curve 
of these 32 patients with the control curve for solitary 
and metastatic lesions derived from our retrospective 
study (Fig. 2). This new curve is remarkably similar to 
our earlier curve derived from patients 90% of whom 
had lesions that were less than 5 cm in diameter. This 
survival curve is statistically "soft" in that so few 
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patients are represented, but it is not really misleading, 
for the very long-term survival of three patients is not 
reflected. 

The survival curve labeled *‘Untreated Controls" 
shown in Figure 2 must be explained. Having seen 
occasionally spontaneous regression or arrest of 
metastasis, and rare patients with quiescent cancer, we 
have been concerned about the extent to which the 
natural history of some metastatic cancers might 
acount for our "surgical" results. Our colleague, Dr. 
Charles G. Moertel, a medical oncologist who is 
sympathetic with our surgical efforts and realistic about 
the limitations of chemotherapy for colorectal cancer, 
provided this group of patients, who were seen con- 
secutively between 1955 and 1960. They are patients 
with biopsy-proven liver metastases who had no evi- 
dence of recurrent primary tumors or other metastatic 
disease. These patients are offered for comparison not 
as proper historical controls but rather as a sampling of 
patients that might be likely to contain some biologic 
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FiG. 3. Course of 34 patients who had major hepatic resection for 
metastatic colorectal cancer. D = death, indicated also by arrow- 
head: E = extrahepatic metastases: m = multiple lesions. Notations 
for patients 24 and 26 denote living with recurrence. Hatching in 
boxes preceding case numbers denotes presence of symptoms 
preoperatively. 
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FiG. 4. Therapeutic failures 
(six patients). 
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oddities. Significant occurrence of such favorable 
natural history is not evident in this group of controls. 

3) Progress of these patients may be considered in a 
more meaningful way: it may be viewed in terms of the 
individuals, taking into account not only length of life 
but also quality of life. In our therapeutic efforts, we 
cannot always distinguish between palliation as the goal 
and the chance for cure, but we must keep some things 
in mind. Significant surgical risk and discomfort can be 
justified when there is reasonable chance of cure, but 
efforts to palliate should not involve too much that is 
noxious. The existence that is being prolonged should 
be tolerable, and we must try to distinguish between 
that which prolongs the act of dying and that which 
extends the useful acceptable condition of living. We 
must subtract the burdens of our surgery from ultimate 
goals, and above all, we must "have the grace of letting 
the sick man die in peace.””! 

For a consideration of this subjective but essential 
aspect of surgical treatment, the progress and status of 
the 34 patients who had major hepatic resections are 
shown graphically in Figure 3. This complicated but 
comprehensive illustration depicts 1) length of life after 
resection: 2) presence or absence of symptoms related 





FiG. 5. Patients (eight) con- 
sidered to have benefited 
from resection. 
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to hepatic metastases preoperatively: 3) onset of 
symptoms from residual hepatic or other metastases 
postoperatively: 4) patients who had multiple hepatic 
lesions (m); and 5) patients who had extrahepatic 
metastases (E) found at the time of hepatic resection. 

The reader may interpret the results of treatment in 
his own way. We have chosen to consider and classify 
the results of treatment somewhat empirically with the 
help of graphic aids, as follows. 

Six operations (nearly 20% of the 34) must be con- 
sidered as obvious therapeutic failures. Two patients 
died in early surgical convalescence, and four lived for 
less than one year postoperatively (Fig. 4). 

Five patients (no. 29 and 31 to 34), all of whom were 
asymptomatic preoperatively, had hepatic resection 
within the past year. All are doing well without evi- 
dence of recurrence. However, this limited period of 
observation precludes classification of therapeutic 
results. 

Eight patients (24% of the total but 30% of patients 
who were treated more than 2 years earlier) are con- 
sidered to have benefited from resection of their hepatic 
lesions. Seven of these patients (four of whom had 
symptoms preoperatively) lived for 3-22 years 
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postoperatively. One additional patient was included. 
He had suffered intolerably before operation from his 
hepatic metastatic lesion, which was 17 cm in diameter, 
and he remained free of pain for two years after hepatic 
lobectomy (Fig. 5). 

There remain 15 patients whose response to surgery 


has not been classified (Fig. 6). Six lived or are living for 


two years or more after hepatic resection and three 
lived for three years or more. It is tempting to include 
some of these patients in our group of obvious thera- 
peutic successes. However, some of the patients who 
lived long also suffered long. Also, 11 of the 15 patients 
had no symptoms preoperatively, and thus we do not 
know whether their progress was determined by 
hepatic resection or by the natural history of their 
disease. 


Discussion and Conclusions 


The risk of major hepatic resection of large metas- 
tases from colorectal cancer appears to be justified by 
lengthened survival, significant palliation of many 
patients, and acceptable operative risk. As shown in 
our previous study, which concerned chiefly simple 
wedge resections of small lesions, removal of the 
apparently solitary hepatic metastatic lesion appears to 
be of particular value. Whether resection of multiple 
hepatic metastases or removal of metastatic liver 
lesions associated with other extrahepatic metastases 
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Fic. 6. Unclassified thera- 
peutic results in 15 patients. 
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can be justified can only be determined by further 
study. If multiplicity of lesions and extrahepatic spread 
can be shown to be an absolute contraindication to 
major hepatic resection, then refinement of computed 
tomography or other noninvasive techniques for pre- 
operative staging may become essential for our assess- 
ment of candidates for aggressive surgical treatment. 

The role of resective surgery for hepatic metastases 
must be placed in perspective. Although 20% of pa- 
tients with colorectal cancer have hepatic metastasis, 
only one-fourth of these lesions are solitary or unilobar. 
Thus, only 5% of patients have hepatic metastases that 
may tempt the surgeon, and half or more of these 
patients have other, undetectable, metastases. This is a 
humbling statistic. Nevertheless, we do see individual 
patients with resectable lesions, and we must try to 
make decisions in their favor. 
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DISCUSSION 


Dr. RONALD BUSUTTIL (Los Angeles, California): I feel that it 
is very clear from the material that has been presented by Dr. Adson 
that there is, indeed, a small subset of patients with hepatic metas- 
tases who respond quite favorably to hepatic resection, and that 
this resection, if feasible may be as extensive as a trisegmentectomy, 
with very acceptable operative mortality. 

However, I feel that I must also point out that, although we are 
on very firm footing in recommending resection for smaller, isolated 
metastases, we must have some reservation on recommending such 
extensive hepatic resection, which at the present time should be 
considered investigational. 

As has been pointed out by the authors, if only 20-30% of patients 
with large lesions are benefited, and the risk of operation is in the 
neighborhood of 10%, then the risk - benefit ratio is only about 0.3— 
0.5, which is really not that beneficial. However, regarding the over- 
all, collective experience, which has accumulated with hepatic re- 
section for colon metastases, the favorable results that have been 
presented by Dr. Adson have been indeed substantiated. 

(slide) This is a collective review of a large series of hepatic 
resections for colorectal metastases that was presented by 
Drs. Foster and Berman in 1977; and as you can see, out of 164 cases, 
the number of patients that were alive at two years was approximately 
50%, and the number of those that were alive at five years was ap- 
proximately 25%. This is all cases taken into consideration. 

If, now, one looks at only the colon and rectum primaries, the 
results are very similar with approximately 50% alive after two years, 
and approximately 25% alive after five years. 

In our own experience at UCLA, we have treated approximately 
25 patients with hepatic resection that has ranged from wedging out 
a small, isolated solitary metastasis to several trisegmentectomies. 
Our results at the present time have been quite favorable, and con- 
firm the authors' experience of not only prolonged survival, but also 
improved quality of life following surgery in this very select subset 
of patients. 

Unfortunately, this type of patient with a solitary liver metastasis 
which is amenable to surgery only comprises approximately 5% of 
the patients that we see with metastatic adenocarcinoma. 

Well, what about the other 95% that we see? I think that it is this 
majority of patients which really presents us with the most difficult 
therapeutic dilemmas. As you know, the standard current treat- 
ment has been systemic chemotherapy, but the results have 
really been fairly disappointing. 

(slide) This slide summarizes the most effective, if you will, 
combination chemotherapy that has been used to date, and that 
is the combination of S-fluorouracil, in combination with 
methyl-CCNU. 

As you can see, the initial results presented by Meertel in 1975 
were very encouraging; he reported a response rate of about 44%. 
However, as additional studies were performed the overall results 
indicated a lesser response of only 14%, which really is only about the 
same response rate that we can expect with systemic 5-fluorouracil 
alone. 

Because of the poor results we see with systemic chemotherapy, 
the Division of Oncology at UCLA has been using an experimental 
multimodality protocol, using hepatic artery ligation and intrahepatic 
infusion of 5-fluorouracil to treat those patients who have already 
failed the conventional systemic chemotherapy. 

(slide) In a group of 25 patients, using this multimodality therapy, 
a mean survival of nine months has been achieved in those patients 
who have already been tried on systemic chemotherapy and then 
been converted to this modality of hepatic artery ligation with intra- 
hepatic infusion of 5-fluorouracil. 

Let me conclude by asking the authors two questions. How do 
you rule out in those patients occult metastases that would preclude 
hepatic resection? Do you feel that this same aggressive surgical 
approach with solitary hepatic metastases from colon carcinoma 
should be extended to apply to other visceral neoplasms? And if so, 
what are your criteria for resection? 
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Dr. JOHN L. CAMERON (Baltimore, Maryland): I would like to dis- 
cuss primarily the paper presented by Dr. Jones. 

Over the past four years we have followed six patients who have 
been diagnosed as having hepatic hemangiomas, the smallest one 
being 6 cm in diameter. None of these patients have been operated 
on. They have all been diagnosed by having the characteristic defect 
on technetium scan, a CAT scan which showed a homogeneous 
lesion that totally and completely enhanced after i.v. contrast 
material, and an arteriogram which showed a uniform blush with 
no abnormal feeding vessels. 

We have been confident enough that these could be diagnosed as 
hepatic hemangiomas that none of these patients have been operated 
on. They were all asymptomatic at presentation, and they have all 
remained asymptomatic. 

It's quite clear from the literature that small hepatic hemangiomas 
remain, by and large, asymptomatic, do not have to be operated 
on, and we're not at all certain that the same doesn't apply to many 
hepatic hemangiomas. 

I'd like to know from Dr. Scott if there were specific indications 
for hepatic resection in their four patients with hepatic hemangiomas, 
other than just an asymptomatic liver mass; and secondly, whether 
they feel or not that a large hepatic hemangioma that is asymptomatic 
needs currently to be resected. 

Finally, I'd like to ask both Dr. Adson and Dr. Jones whether 
they feel that their controls are really adequate concerning liver 
resections for colon metastases. When we do a major hepatic re- 
section on a patient with a colorectal tumor that is metastatic to the 
liver, are we really influencing the disease, or have we just selected 
out those patients with biologically low-grade tumors, and are just 
watching the natural behavior of the disease? 


Dr. FRED W. RUSHTON (Jackson, Mississippi): Our overall ex- 
perience in Jackson with hepatic masses has fairly closely paralleled 
that presented by Dr. Jones’ group. Between the years 1961 and the 
present, 95 primary liver tumors, including those that were not re- 
sected, included 61 hepatomas, 16 hemangiomas, seven hepato- 
blastomas. 

I rise, first of all, to congratulate Dr. Jones on an excellent paper, 
and secondly to call special attention to a clinical entity that has 
arisen as, perhaps, a complication of progress in medicine. 

(slide) This is the case of a young woman who presented to our 
emergency room with a three-day history of right upper quadrant 
abdominal pain, nausea, and vomiting. Examination revealed a 
tender, ill-defined right upper quadrant mass. Laboratory screening 
was essentially unrevealing. A sonogram was done, which showed 
the gallbladder to be normal. As one moves toward the umbilicus 
on the sonogram, there was a large mass that had internal echoes, 
and was felt to be separate from the liver and from the gallbladder, 
as well as from the kidney. 

A liver scan was done, as well as a barium enema, which were 
both within normal limits, and following this she developed an in- 
crease in her abdominal pain, with a falling hematocrit, and was 
taken forthwith to the operating room. 

(slide) At operation, she was found to have a large, pedunculated 
tumor arising from the edge of the liver, which had ruptured into the 
peritoneal cavity, with intra-abdominal bleeding. It was removed by 
simple excision and drainage. 

(slide) On cut section, it was found to contain blood clot. 

We feel that, in addition to the entities described by Dr. Jones, 
benign hepatic adenoma will continue to be seen with increasing 
frequency in association with widespread use of oral contraceptives, 
and we feel that it should deserve significant consideration in the 
differential diagnosis of right upper quadrant masses in female 
patients. 


Dr. WisHARD S. LORIMER, JR. (Fort Worth, Texas): In this day 
and time of informed consent, I think one needs to discuss with the 
patient the possibility of surgical excision of hepatic tumors, if one 
intends to do this concomitantly with colon resection. I'd like to 
ask Dr. Adson if he does this. Also, if you have a large metastatic 
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tumor that you can't do concomitantly, how do you time the second 
operation’? 

The second point Id like to make is that I think its very important, 
when we encounter a resectable metastasis that we do not resect 
initially, we should at least find out what the histopathology is. 

In a recent experience of two cases, one that | planned to go back 
in turned out to be an oat cell carcinoma, occult, from the lung: and 
the second is a case in which the surgeon was not prepared to do a 
wedge resection of a deeply-seated 2-cm lesion, and he very wisely 
took a needle biopsy. The pathology report was a hemangiosarcoma. 
The patient declined to have anything done about this. The surgeon 
brought the case to me last January, and at that time he had a huge 
mass occupying his right upper quadrant. 

(slide) This turned out to be the end result of that hemangio- 
sarcoma. lt required an extended right hepatic lobectomy, and it 
also had infiltrated the cupola of the right hemidiaphragm, which 
also required resection. 

The patient had an uneventful convalescence following this, but 
here again, a lesion which was initially thought by the surgeon to be 
metastatic colorectal carcinoma turned out to be something else. 


DR. MARTIN A. ADSON (Closing discussion): | really have two 
things to do. One is to discuss Dr. Scott's paper, and then close mine: 
and I want to do a third thing that I’ve deferred. 

You said, Dr. Carter, that you hadn't acknowledged my new mem- 
bership, and I didn't either; but I did not purposely. I didn't want to 
break up while | was making my formal presentation. Let me tell 
of my appreciation in a roundabout way. 

(slide) Twenty years ago, having never seen a major hepatic re- 
section, | had to decide whether or not to remove this tumor. Re- 
flecting on that decision, I recalled a slide that Dr. P. G. Arnold, a 
transplanted Southern surgeon who's now with us, gave to me, and it 
must not go unused: "Two roads diverged into a wood and I—I 
took the one less traveled by — and that has made all the difference.” 
Robert Frost. 

I did resect that tumor. The patient lived for 11 years, and justified 
other resections. 

That road has led, for me, to membership in the Southern Surgical 
Association, and that has made all the difference. 

Dr. Jones’ experience is not small, and his associates and he 
deserve congratulations. They have shown again that the risk of 
major hepatic resection is acceptable, and benefits significant. They 
referred, and he did tonight, to a report of mine published in 1973, 
and quoted a 50% five-year survival rate following resection of malig- 
nant hepatomas. 

| want to revise that report, for some of those "'malignant 
hepatomas’ were, in fact, huge hepatocytic adenomas, misclassified 
by our pathologists. Dr. Louis Weiland has reclassified those tumors: 
34 were malignant hepatomas, and 12 benign. 

My personal series with primary solid tumors as of a year ago 
is represented on this slide, (slide) one postoperative death for the 
46 patients, and the five-year survival for the malignant lesions 
of 36%. 

The slide outlining the complications of this group of 46 resections 
I could not find to bring along, but I can tell you of the postoperative 
progress of 27 patients that I reported earlier with major resection 
of metastases done since 1973. There was the one operative death 
during that period of time. Only six of those 27 patients were in 
hospital more than 12 days after operation. The longest hospital 
stay was 18 days, and the average stay in hospital for that group was 
11 days. 

One other question: What of the diagnostic methods which 
Dr. Jones made reference to in his manuscript? 

(slide) This is a malignant hepatoma, of great size. (slide) It was 
not seen on this CT scan, for it was isodense with the normal liver. 
However, metastatic tumors are more likely to be seen, (slide) as was 
this solitary lesion. And when multiple lesions such as these are 
seen by computed tomography, the patient may be spared an 
operation. 

(slide) Drs. Fortner and Starzl have little use for angiography, 
but for me it provides a map for safer travel. This shows a triseg- 
mental lesion—these would be the feedback vessels to the medial 
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segment of the left lobe; and for me to have this and a venous 
phase portogram which shows the portal venous bifurcation is 
helpful. 

(slide) This is a tumor of similar size involving the left hepatic 
lobe that required a total left lobectomy. 

I want to ask Dr. Jones about his use of angiography, and have 
two other questions for him. One is: What incision does he favor 
for right lobectomy? Again, Drs. Fortner and Starzl try to avoid 
thoracic extension of abdominal incisions. I feel I do not have safe 
control or flexibility without this large, thoracoabdominal incision 
when resecting large lesions. (slide) 

The final question Dr. Cameron has already asked: What can he 
tell of the natural history of cavernous hemangiomas? (slide) This 
is one that contained an infected hematoma, (slide) and this one was 
taken from a man who didn't want to give up riding his motorcycle. 
Those decisions were easy, but I'm unsure about the indications 
for resection of the medium-size lesions and, as Dr. Cameron has 
asked, some of the very large asymptomatic lesions. 

Now, to close the other paper, if I can find my hasty notes about 
those questions. 

(slide) Dr. Cameron asked a planted question. It had to do with: 
What about our controls? I have had deep concern that we had some 
kind of divine guidance in selecting our patients, and, therefore, 
we used the control curve from our retrospective study. And then 
Dr. Charles Moertel, a medical oncologist who is realistic about 
the limitations of chemotherapy, and also sympathetic with our 
goals, gave to me two weeks ago this group of 58 patients that were 
seen between 1950 and 1960. They were consecutive controls that 
had only hepatic metastases and were untreated. 

We were looking for biologic oddities, to see if there were some 
people who had spontaneous remission, or quiescent cancer, or 
very long survivals; and we did not find any. This gives me more 
confidence that what we're doing surgically is a function of our 
surgery, more than the natural history of the disease. 

I agree with Dr. Busuttil that what we are working with is a very, 
very, very small proportion of patients. I did not have this slide made 
up since he asked the question: it's usually part of my presentation. 
(slide) Twenty per cent of patients with colorectal cancer do have 
hepatic metastases. Only 25% of these lesions are solitary or 
unilobar, and, therefore, 5% of patients have resectable lesions that 
would tempt the surgeon, but, as we see, only 20-30% of those are 
benefited. 

Dr. Busuttil, you did mention a risk—benefit equation that exag- 
gerated the operative risk. My operative risk for major resections of 
46 primary lesions and 30 metastatic lesions is 4%. It is that I compare 
with a 20-30% benefit. 

l agree with your goal at UCLA with infusion chemotherapy, 
but would like to look at that harder. I noticed the mean survival 
of nine months, but I saw nothing about controls; and I would like 
to know how much is done to the patient —how much hospitalization; 
how much is done that is noxious to the patient; and what about 
quality of life? 

I think it’s very important that we do not make our efforts to 
palliate people noxious. As John Bucan, Lord Tweedsmuir, 
said, " We must have the grace to let a sick man die in peace." 

How do we rule out other metastases? We can't rule them out 
completely, but the CT scan, particularly two-second scanner, is 
very likely to pick up 1-12 cm metastases in the opposite lobe. 

In regard to removal of metastatic liver tumors from other 
visceral cancers, I m guided by, pretty much, the cellular differenti- 
ation. There are some grade 2 stomach cancers. There are islet cell 
tumors of the pancreas, and other neoplasms that are biologically 
lazy enough to be treated by hepatic resection with similar results 
as those seen with colorectal metastases. 

Dr. Lorimer has asked about informed consent. I know little of that 
but can tell you what I do. We do not have consent forms in our 
institution. I do spend enough time talking with patients before 
operation, getting to know them, that I think that we are brothers 
by the time they come to operation. The lawyer who leads a patient 
who could have had a small metastasis removed safely at the initial 
operation to have a second operation should be sued. 

If we can find a small metastasis at the time of the primary re- 
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section, that's small enough to be done with negligible risk, we take 
it out, because we consider the cost of going back. If it’s a larger 
metastasis, I will then defer the major resection, and wait for the 
patient to get off his knees, have a little holiday, and come back in 
four to six weeks. 

I have mixed feelings about biopsy of the lesion, because biopsy 
may cause seeding; it would take another five minutes to discuss 
the pros and cons of that, and I’m already overtime. Dr. Lorimer. 
I see your point. Let's visit about that some time. 


DR. J. B. HANKs (Closing discussion): Concerning our experience 
with hemangioma, all four of our patients underwent resection for 
large, 14 cm average, symptomatic lesions. One of these patients 
had a fever of unknown origin, and was worked up for a possible 
abscess, which turned out, in fact, to be a hemangioma. 

Six years ago, Dr. Longmire presented before this society his 
results with major resection, which included eight large hemangio- 
mas, and stated that the rare large hemangioma may be symptomatic 
by virtue of its size, and the possibility of spontaneous rupture could 
justify resection. He also stated that the asymptomatic hemangioma 
did not require treatment, and we have certainly agreed with that 
approach. While at Duke we are not following any small hemangio- 
mas — we have none that we know of at this point — I would like to 
emphasize that all our hemangiomas were indeed symptomatic. 
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Concerning Dr. Adson’s question about arteriograms and 
radionuclide scans, 21 of our 32 patients had arteriography. Five 
of the seven hepatomas had arteriography, and all five were positive. 
Of the three pediatric hepatoblastomas, two received arteriography, 
both of which were positive. Of our 12 metastatic lesions, 11 had 
arteriography of which nine were positive. Of the two that were 
negative. one was a small 3.4 cm lesion, and the other was a leiomyo- 
sarcoma. Three of the hemangiomas had arteriography, and all three 
were positive. 

Twenty-three of our 32 patients underwent radionuclide scanning: 
2? of these were positive. Therefore, we feel that the use of arteriog- 
raphy, and radionuclide scans gives a very high yield of information. 

Concerning Dr. Adson's question about our surgical approach, 
in the pediatric population we have employed the abdominal in- 
cisions for hepatic resection. In adults with left lobectomy, or partial 
left lobectomy, the principal approach has been through a midline 
incision. For right lobectomy, we have classically employed a right 
subcostal incision, through which the initial assessment of operative 
resectability has been performed by manual abdominal exploration. 
When this has been confirmed, a thoracic extension has been done 
in the majority of the patients for enhanced exposure. 

Recently, with the last patient in this series, and with a patient 
who underwent a right lobectomy by Dr. Jones last week, who was 
not included in this data, we have performed right lobectomy 
through entirely abdominal right subcostal margin incision. 
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The indications for major hepatic resections in 32 patients and 
the results are presented. Twelve right lobectomies, eight 
partial left lobectomies, five left lobectomies, four extended 
right lobectomies and three partial right lobectomies were 
performed with a 46% complication rate and an operative 
mortality rate of 12.5%. Ten primary liver cancers, 12 
metastatic lesions, four hemangiomas and six **benign"' lesions 
were removed. Of seven patients with hepatomas, four are alive 
at an average of 24 months postresection and three have no 
evidence of recurrence. Of 11 adult patients with metastatic 
lesions, six are alive at an average of 27 months postresection 
and three patients have no evidence of recurrence. All four 
patients with hemangioma are alive at an average of seven 
years. As in other series, our experience has increased with 
seven resections prior to 1970 and 25 since. Operative mortality 
has decreased in that period of time (42% to 4%); however, our 
complication rate in survivors has remained elevated (25% to 
50%). Our experience agrees with others that cautious selection 
of patients for resection of malignant tumors of the liver can 
extend survival. 


LTHOUGH BERTA EXCISED à portion of liver in treat- 
A ing an hepatic laceration in 1716," it was not until 
1888 that Langenbüch removed a portion of the left lobe 
of the liver for tumor.'" Keene carried out the first suc- 
cessful hepatic lobectomy for cancer in 1899? and two 
years later Wendel performed the first right hepatic 
lobectomy.? By 1952, surgeons recognized the im- 
portance of careful anatomical dissection in liver 
resection and, during the past 20 years, employed 
hepatic resection with increasing frequency.!*'* Further 
advances in hepatic physiology, increased understand- 
ing of liver regeneration, improved blood banking and 
anesthesia have made extensive hepatic resections 
practical.!^!* Successful resection of portions of the 
liver continues to require careful attention to details of 
preoperative and postoperative management and 
particular care in the technical aspects of the 
procedure. Common indications for major hepatic 
resections are primary liver tumors, metastatic tumors, 
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and large benign tumors. Because of the increasing 
interest in the applicability of hepatic resection, we 
reviewed the experience at Duke University Hospital 
with hepatic resections exclusive of trauma. 


Clinical Material 


From July 1947 to November 1979, 32 patients under- 
went major hepatic resection at Duke University and 
the Durham Veterans Administration. Hospitals. Pa- 
tients whose ages ranged from 3.5 months to 70 years 
underwent five types of resections: extended right 
lobectomy (trisegmentectomy), right lobectomy, left 
lobectomy, "partial" right and "partial" left lobec- 
tomy. We have assigned to the "partial" category those 
resections which included tissue in excess of wedge 
resections yet less than a complete lobar resection. 
Partial left resections include left lateral segmentec- 
tomy. Extended right lobectomy or trisegmentectomy 
removed all segments to the right of the falciform 
ligament as described by Starzl.” Table 1 summarizes 
the categories of operations performed. Right lobec- 
tomies have been the most common operation followed 
by partial left, total left, extended right and partial right 
lobectomy in that order. 

Indications for operation are summarized in Table 2. 
Twelve resections for metastatic involvement of the 
liver represent the most frequent indication. Ten 
primary hepatic tumors were resected of which seven 
were hepatomas in adults. Three hepatoblastomas, 
including an embryonal hepatoblastoma were all 
removed in pediatric patients. Six "benign" lesions 
included three necrotic areas of liver associated with 
gastric or esophageal malignancies. The other three 
were an infarcted left lateral segment after clot injection 
of the left gastric artery for control of gastric 
hemorrhage, a partial right and left lobectomy for 
chronic abscess in a patient with granulomatous disease 
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and another partial right lobectomy for emergency 
removal of a bleeding hepatic adenoma. Four patients 
underwent lobectomies for resection of hemangiomas. 


Results 


Table 3 emphasizes the increasing frequency of 
hepatic resection during the last ten years. Twenty-one 
of 28 resections in adults were performed after 1969. All 
four pediatric cases were done after 1970 (Table 4). 
Three extended right lobectomies were done since 
1970, one for hepatoma and two for metastases. 
Numbers of right lobectomies increased from three 
cases prior to 1970 to eight cases in the last ten years. 
The increased number of right lobectomies was mainly 
due to resections for metastasis. Partial right lobectomy 
was performed in three adults from 1970 to 1979. 

Resection of the left lobe increased from one patient 
to three patients. Partial left lobectomies increased 
from three to four, primarily in younger patients. The 
cumulative data show an increase in number of adult 
operations (7—21) and a decrease in operative mortality 
(42-5%). In the last ten years, however, nonlethal 
postoperative complications have occurred in 11 of 20 
adult patients (55%). The amount of blood loss 
decreased although wide ranges were experienced in 
both groups. 

Indications for resection increased from two to five 
resections for hepatoma. There were no resections for 
metastases prior to 1969 and 11 since (not including one 
pediatric patient with metastatic Wilms’ tumor who is 
included in Table 4). Resections for hemangioma and 
"benign" disorders were evenly split between the two 
periods. 

Table 4 represents the four pediatric hepatic resec- 
tions. There were no operative deaths. One child was 
re-explored for possible subdiaphragmatic abscess 
seven days after trisegmentectomy for hepatoblastoma. 
None was found. At the time of this report, two children 
with hepatoblastoma were alive at 10 and 27 months 
postresection without evidence of recurrence. One 
child died with recurrence six months after left lobec- 
tomy for embryonal hepatoblastoma. The fourth child 


TABLE l. Hepatic Resection 1947—1979 





Number 


Procedure of Patients 





Extended right lobectomy 
Right lobectomy 

Partial right lobectomy 
Left lobectomy 

Partial left lobectomy 


wa -— 
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Total 
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TABLE 2. Indications for Hepatic resection 








Number 
Indication of Patients 
Primary liver tumor 10 
hepatoma 7 
hepatoblastoma 3 
Metastasis 12 
Hemangioma 4 
Benign 6 
Total 32 





died with recurrent Wilms’ tumor 23 months after right 
lobectomy for metastasis. 

The three main indications for hepatic resections in 
our adult age group were hepatoma (seven), metastasis 
(11) and hemagioma (four). Table 5 details seven 
hepatoma patients of whom five were males. A positive 
history of alcoholism was elicited in three. Admission 
liver function tests revealed normal total bilirubin 
determinations with moderately elevated SGOT, LDH 
and alkaline phosphatase values. The lesions averaged 
14.1 cm in their largest diameter and only one of seven 
was associated with cirrhosis. Arteriography was 
performed in five of the seven adult hepatomas and 
demonstrated an operable lesion in all five. Six of the 
seven had conventional radionuclide liver scans, all of 
which demonstrated a lesion. The seventh had a 
positive CT scan. Two patients died in the immediate 
postoperative period; of the remaining five, one died at 
42 months postresection with evidence of recurrent 
disease and four are alive at an average of 24 months 
postresection (one of which has recurrent disease). 

Table 6 summarizes data on 11 adults who underwent 
hepatic resection for metastatic disease. Nine females 
and two males had an average age of 46. Average ad- 
mission total bilirubin and SGOT revealed no signifi- 
cant elevation. Alkaline phosphatase and LDH were 


TABLE 3. Major Hepatic Resection in Adults 1947—1979 








1947 — 1969 1970— 1979 
Extended right lobectomy 0 3 
Right lobectomy 3 8 
Partial right lobectomy 0 3 
Left lobectomy l 3 
Partial left lobectomy 3 4 
Totals 7 21 
mean age 51 (47-57) 35 (15-78) 
operative mortality 3/7 (42%) 1/21 (5%) 
major complications 1/4 (25%) 11/20 (55%) 
blood loss (ml) 5700 4600 
diagnosis 
hepatoma 2 5 
metastasis 0 H1 
hemangioma 2 2 
benign 3 3 
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TABLE 4. Hepatic Resection in Children 
Total 4 
Age 14.9 M (3.5-48 M) 
Operation 
extended right l 
right l 
left l 
partial left l 
Op. mortality 0/4 
Major complication 1/4 
Diagnosis 
hepatoblastoma 3 
metastasis l 
Survival 


2 alive at 10, 27 M with no recurrence 
2 dead at 6, 23 M with recurrence 


elevated, however. In the seven patients with metas- 
tases from colonic adenocarcinoma, CEA values 
averaged 41 ng/ml. Arteriography was performed in 10 
of the 11 adult cases with demonstration of an operable 
lesion in eight (80%). The one patient that did not have 
arteriography had a positive liver scan. All eight 
patients that had positive arteriography had positive 
radionuclide liver scans. Right lobectomy was the most 
commonly performed operation (five of 11). A total of 
five major complications were encountered as listed. 
Pathologic examinations revealed tumor in the margins 
of two of 11 resections. The average of the largest 
diameter was 8.9 cm. There was one operative 
mortality. Six are currently alive at an average of 27 
months postresection (three have documented recur- 


TABLE 5. Hepatoma 


Total 7 
Age 43 (15-78) 
Sex SM2 F 
Alcoholism 

positive 

negative 4 


Admission Lab Value 


total bilirubin (mg/dl) 3 (3-15) 


SGOT (I.U.) 138 (28-232) 

LDH (1.U.) 338 (228-423) 

alk. phosphatase (I.U.) 189 (44—287) 
Operation 

extended right l 

right lobectomy 4 

left lobectomy Z 
Complications 

subphrenic abscess 2 

drainage of hematoma 2 
Size of lesion 14.1 cm (5-24) 
Pathology 

margins free 6/7 

cirthosis 1/7 
Survival 

operative mortality 2/1 


alive 4/5 at 24 M (5-75) 
3 with no evidence of recurrence 
dead 1/5 at 42 M with recurrence 
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rence). Four patients died at an average of 16 months 
post resection, all with evidence of recurrence. In the 
patients with colorectal metastases who died with 
disease at 36, eight and six months, disease-free 
intervals were 11, 15 and 60 months respectively. One 
patient living with disease at 39 months had a disease- 
free interval of 37 months. Two patients alive with no 
evidence of recurrence at 13 months and 24 months had 
disease-free intervals of 57 and 44 months respectively. 

Table 7 summarizes our experience with four hepatic 
resections for hemangioma. Three females and one 
male had an average age of 46. Admission liver function 
tests averaged within normal limits for total bilirubin 
and SGOT. The lesions averaged 14.5 cm in the largest 
diameter and all four patients are alive at the time of this 
report for an average of seven years. 

In the last ten years, nonlethal postoperative com- 
plications have continued at a substantial rate. In the 
total series. 28 patients surviving operation experi- 
enced 13 nonlethal complications, including three 
hematomas requiring evacuation, three subphrenic 
abscesses, three unexplained fevers, two wound 
infections, one postoperative intestinal obstruction 
requiring reoperation and one persistent pleural 
effusion requiring thoracentesis (Table 8) Twelve of 


TABLE 6. Hepatic Resection for Metastatic Lesion 


Total 11 
Age 46 (21—70) 
Sex 9F2M 
Admission Lab Values 
total bilirubin (mg/dl) 
SGOT (I.U.) 
LDH (I.U.) 
alk. phosphatase (I.U.) 
CEA (ng/ml) 
Operation 
extended right 
right lobectomy 
partial right 
left lobectomy 
partial left 
Complications 
wound infection 
drainage of hematoma 
pleural effusion 
postop fever 
Pathology 
margins involved 2/11 
source 
colonic 7 
renal l 
choriocarcinoma I 
endometrium | 
| 
8 


0.88 (0.2-3.8) 
45 (13-155) 
558 (205-1180) 
132 (36-299) 
4] (7.7—102) 


— N æ Un N 


n3 


leiomyosarcoma (stomach) 
Size of lesion 
Survival 
operative moratlity 1/11 
alive 6/10 at 27 M (2-50) 
dead 4/10 at 16 M (6—36) 
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these complications occurred in the 24 adult and 
pediatric patients surviving operation since 1970 for an 
overall 50% complication rate in the last ten years. 


Discussion 


The experience with major hepatic resection at Duke 
University parallels its increased acceptance as 
appropriate treatment for primary and metastatic 
malignant tumors of the liver. A cautious approach 
toward extensive resection resulted in only seven such 
resections prior to 1970. However, since 1970, the 
experience includes a total of 25 additional resections 
encompassing a wider diversity of diseases, types of 
resections, and patient population. 

Hepatomas occur infrequently in North American 
populations. Foster's monograph cites postmortem 
percentage incidence rates between 0.12 and 0.7 in 
North American series in contrast to greater than 2.0 in 
Oriental series.’ Balasegaram reported that most 
hepatomas were unresectable due to the advanced 
disease or poor liver function.? Of 352 hepatomas in an 
Asian population, he attempted resections in 26 with an 
operative mortality rate of 15.3%. Adson and Sheedy 
reported 30 hepatic resections for primary hepatic 
malignancies.' Thirteen of these patients were eligible 
for five-year follow-up of which six were alive, per- 
mitting the conclusion that such survival rates justified 
resection in selected patients. Because data exist which 
suggests that survival after diagnosis of hepatoma is in 
the three to six month range if untreated, it appears 
reasonable to resect hepatomas when possible. The 
result of such resection may often be palliation with 
extended survival rather than complete cure.’ 

Hepatic resection for metastatic disease of the liver 
represents the main reason for increased frequency of 
hepatic resection in our hospital in the last ten years. 
Metastasis from colorectal cancer was the most 


TABLE 7. Major Hepatic Resection for Hemangioma 





Total 4 
Age range 46 (27-51) 
Sex 3F 1M 


Admission Lab Values 


total bilirubin (mg/dl) 9 (.7=1,2) 
LDH (I.U.) 177 (85-245) 
SGOT (I.U.) 39 (13-85) 

alk. phosphatase (I.U.) 106 (37—176) 

Operation 

right lobectomy 2 

left lobectomy l 

partial left l 


Complications 
subphrenic abscess l 
Size of lesion 14.5 cm (7.5-22) 
Survival 
Alive 4 of 4 at 7.0 years (2-12) 
a a a aa 
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TABLE 8. Nonlethal Complications 
a ee 
Number 
Complication of Patients 
aa ii i 
Subphrenic abscess 
Drainage of hematoma 
Postoperative fever 
Wound infection 
Bowel obstruction 
Persistent pleural effusion 


ere yee rer 


Total 13/28 (46%) 





common lesion. Other authors have concluded that, as 
with patients with hepatoma, careful patient selection 
for resection can permit improved survival. The 
patients best suited for resection are those with solitary 
hepatic lesions, controlled primary disease, and no 
other evidence of malignancy. Recent reports suggest 
that hepatic metastases from colorectal tumors are 
more amenable to surgical resection than are those 
from other primaries. In one of the largest series to 
date, Fortner and others reported 23 resections for 
colorectal metastases of which 17 (74%) were 
"curative." The other six had distant and regional 
spread. They reported a 72% actuarial survival rate at 
three years in the patients with "curative" resections. 
The median size of their lesions was 6.5 cm (ours was 
8.0 cm). In comparison, they reported 15 ‘‘mis- 
cellaneous"" metastases from other sources of which 
only four (27%) could be resected for cure. The other 11 
had regional or distant spread. Wilson and Adson 
reported four resections for metastatic colorectal 





Fic. 1. Abdominal aortic angiography demonstrates hypervascular 
right lobe mass in a patient who subsequently underwent successful 
right lobectomy for hepatoma. 
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Fics. 2a and b. Radionuclide scan of the same patient mentioned in 
Figure 1. Anterior-posterior (a) and lateral (b) demonstrate a large 
filling defect with a small rim of uptake (arrows). 


carcinoma with the survivals of the five to 19 years with 
only one recurrence.?' In addition, these authors 
analyzed a control group of 60 patients with solitary 
metastases without resection in which no patient lived 
five years. Jaffe and others have predicted a 150 day 
median survival in patients with untreated hepatic 
metastases from colorectal carcinoma.” Thus, it ap- 
pears that surgical resection in selected patients with 
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hepatic metastases will permit increased survival. 
Colorectal metastases in most series have the highest 
likelihood of resectability.° 

Our experience with hepatic resection for pediatric 
malignancies is too small for meaningful comparison 
with other series. Hepatoblastoma is a rare malignancy 
in children and there is some reason for optimism for 
eliminating the tumor by surgical resection. Sauer 
reported no recurrence in seven in 11 resections, of 
which three have been followed longer than two 
years." Exelby reported that a cure rate of 60% can be 
expected if the tumor can be completely excised.* 

Although our overall mortality rate is 12.5%, since 
1970 one operative mortality occurred in 21 adult resec- 
tions and none in four pediatric resections, a rate of 4% 
in the past ten years. Longmire in 1961 reported his first 
series of nine hepatic resections with only one 
operative mortality and in 1974 updated his series with a 
total of 75 major hepatic resections, again with only the 
one operative mortality. In 108 major hepatic 
resections, Fortner reported an overall 30 day mortality 
rate of 17% although in his more recent experience, 
there was a 4% mortality in 67 cases." Lin reported a 30 
day mortality rate of 11.2% following 107 lobec- 
tomies.!! Starzl reported no operative mortality in 27 
major hepatic resections from 1963— 1975.?" Although 
operative mortality rates in most series have declined 
with experience, authors continue to report substantial 
complication rates associated with major hepatic 
resections. Cady reported a 2876 complication rate in 
the last 10 years at the Lahey Clinic and Fortner 
described 67 complications in 108 lobectomies for a 
64% incidence .?^ 

The presence of primary liver tumors is frequently 
recognized by the detection of an abdominal mass, 
fever, abdominal pain, or discomfort and sometimes 
malaise. Metastatic involvement of the liver can be 
asymptomatic and detected on follow-up evaluations 
including serial CEA determinations and/or liver scan. 
In our series, there was one young woman who bled 
spontaneously from a hepatic adenoma. She was taking 
birth control pills and thus exhibited the syndrome of 
spontaneous bleeding from hepatic adenomas that have 
been described previously." It is presently unclear 
whether the birth control pills cause hepatic neoplasms. 
However, the possibility of spontaneous, life-threaten- 
ing hemorrhage in patients with hepatic adenomas is a 
recognized indication for resection.? 

Preoperative evaluation of any patients for major 
hepatic resection should attempt to determine resecta- 
bility of the lesion as well as to evaluate the patient's 
ability to withstand surgery. Direct and indirect 
bilirubin, serum albumin, alkaline phosphatase, trans- 
aminase and lactic dehydrogenase are rarely diagnostic 
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FiG. 3. CT scan of the same patient 
demonstrates the extent of the 
right lobe hepatoma. 


but may at least aid in evaluating diffuse liver disease 
and/or cirrhosis. Adson and Sheedy feel that cirrhosis is 
a contraindication for resection of hepatoma, and we 
feel that documentation of adequate liver function is 
mandatory prior to major hepatic resection.! The one 
patient with cirrhosis in our series died postoperatively 
in hepatic failure. 

Two fetal proteins have received increasing use in 
preoperative evaluation of patients suspected of having 
tumors. Carcinoembryonic antigen (CEA) elevations 
usually occur in patients with metastases from 
colorectal cancer. Fortner found 10 of 15 (67%) such 
elevations greater than 5 ng/ml. We found all seven of 

ur patients with metastatic colorectal cancer with 
elevations greater than 5 ng/ml. Alpha-feto-protein is 
less diagnostic in patients with hepatoma. Elevated 
values occurred in only eight of 33 patients (24%) in 
Fortner's series." Only four of 14 (29%) were elevated 
according to Foster.’ These findings are in sharp 
contrast to those of Balasegaram who found elevations 
approaching 95% in Asians with hepatomas.” 

The preoperative tests giving the most confidence in 
estimating resectability have been arteriography and 
radionuclide scan. All patients with primary malignan- 
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cies of the liver studied had demonstrated lesions on 
arteriography and liver scan. Two of 10 patients studied 
with metastatic involvement of the liver had negative 
arteriograms and one had a negative scan. Arteriogram 
and liver scan were positive in 100% of patients with 
hepatoma. Because of these results, it appears that liver 
scan and arteriogram provide excellent preoperative 
anatomic assessment of the disease. Ultrasound scan 
and computed axial tomography may offer additional 
information but their true utility will await evaluation 
with further experience. 


Conclusions 


Major hepatic resection is an effective treatment for 
neoplastic involvement of the liver as well as for benign 
disorders including necrosis, abscess or larger hemagi- 
omas. Only a small minority of patients with malignant 
disease will be suitable candidates for major resection. 
surgery should then be undertaken because of an 
expectation of increased survival. In benign disorders 
such as hemangiomas, complete excision can be 
accomplished with low morbidity and mortality; 
however, it is not clear whether resection is necessary 
in many patients with hemangiomas. 
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(slide) This is a collective review of a large series of hepatic 
resections for colorectal metastases that was presented by 
Drs. Foster and Berman in 1977; and as you can see, out of 164 cases, 
the number of patients that were alive at two years was approximately 
50%, and the number of those that were alive at five years was ap- 
proximately 25%. This is all cases taken into consideration. 

If, now, one looks at only the colon and rectum primaries, the 
results are very similar with approximately 50% alive after two years, 
and approximately 25% alive after five years. 

In our own experience at UCLA, we have treated approximately 
25 patients with hepatic resection that has ranged from wedging out 
a small, isolated solitary metastasis to several trisegmentectomies. 
Our results at the present time have been quite favorable, and con- 
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firm the authors' experience of not only prolonged survival, but also 
improved quality of life following surgery in this very select subset 
of patients. 

Unfortunately, this type of patient with a solitary liver metastasis 


which is amenable to surgery only comprises approximately 5% of | 


the patients that we see with metastatic adenocarcinoma. 

Well, what about the other 95% that we see? I think that it is this 
majority of patients which really presents us with the most difficult 
therapeutic dilemmas. As you know, the standard current treat- 
ment has been systemic chemotherapy, but the results have 
really been fairly disappointing. 

(slide) This slide summarizes the most effective, if you will, 
combination chemotherapy that has been used to date, and that 
is the combination of 5-fluorouracil, in combination with 
methyl-CCNU. 

As you can see, the initial results presented by Moertel in 1975 
were very encouraging: he reported a response rate of about 44%. 
However, as additional studies were performed the overall results 
indicated a lesser response of only 14%, which really is only about the 
same response rate that we can expect with systemic 5-fluorouracil 
alone. 

Because of the poor results we see with systemic chemotherapy, 
the Division of Oncology at UCLA has been using an experimental 
multimodality protocol, using hepatic artery ligation and intrahepatic 
infusion of 5-fluorouracil to treat those patients who have already 
failed the conventional systemic chemotherapy. 

(slide) In a group of 25 patients, using this multimodality therapy, 
a mean survival of nine months has been achieved in those patients 
who have already been tried on systemic chemotherapy and then 
been converted to this modality of hepatic artery ligation with intra- 
hepatic infusion of 5-fluorouracil. 

Let me conclude by asking the authors two questions. How do 
you rule out in those patients occult metastases that would preclude 
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hepatic resection? Do you feel that this same aggressive surgical 
approach with solitary hepatic metastases from colon carcinoma 
should be extended to apply to other visceral neoplasms? And if so, 
what are your criteria for resection? 


DR. JoHN L. CAMERON (Baltimore, Maryland): I would like to dis- 
cuss primarily the paper presented by Dr. Jones. 

Over the past four years we have followed six patients who have 
been diagnosed as having hepatic hemangiomas, the smallest one 
being 6 cm in diameter. None of these patients have been operated 
on. They have all been diagnosed by having the characteristic defect 
on technetium scan, a CAT scan which showed a homogeneous 
lesion that totally and completely enhanced after i.v. contrast 
material, and an arteriogram which showed a uniform blush with 
no abnormal feeding vessels. 

We have been confident enough that these could be diagnosed as 

hepatic hemangiomas that none of these patients have been operated 
on. They were all asymptomatic at presentation, and they have all 
remained asymptomatic. 
. It's quite clear from the literature that small hepatic hemangiomas 
remain, by and large, asymptomatic, do not have to be operated 
on, and we're not at all certain that the same doesn't apply to many 
hepatic hemangiomas. 

I'd like to know from Dr. Jones if there were specific indications 
for hepatic resection in their four patients with hepatic hemangiomas, 
other than just an asymptomatic liver mass; and secondly, whether 
they feel or not that a large hepatic hemangioma that is asymptomatic 
needs currently to be resected. 

Finally, I'd like to ask both Dr. Adson and Dr. Jones whether 
they feel that their controls are really adequate concerning liver 
resections for colon metastases. When we do a major hepatic re- 
section on a patient with a colorectal tumor that is metastatic to the 
liver, are we really influencing the disease, or have we just selected 
out those patients with biologically low-grade tumors, and are just 
watching the natural behavior of the disease? 


DR. FRED W. RUSHTON (Jackson, Mississippi): Our overall ex- 
perience in Jackson with hepatic masses has fairly closely paralleled 
that presented by Dr. Jones' group. Between the years 1961 and the 
present, 95 primary liver tumors, including those that were not re- 
sected, included 61 hepatomas, 16 hemangiomas, seven hepato- 
blastomas. 

I rise, first of all, to congratulate Dr. Jones on an excellent paper, 
and secondly to call special attention to a clinical entity that has 
arisen as, perhaps, a complication of progress in medicine. 

(slide) This is the case of a young woman who presented to our 
emergency room with a three-day history of right upper quadrant 
abdominal pain, nausea, and vomiting. Examination revealed a 
tender, ill-defined right upper quadrant mass. Laboratory screening 
was essentially unrevealing. A sonogram was done, which showed 
the gallbladder to be normal. As one moves toward the umbilicus 
on the sonogram, there was a large mass that had internal echoes, 
and was felt to be separate from the liver and from the gallbladder, 
as well as from the kidney. 

A liver scan was done, as well as a barium enema, which were 
both within normal limits, and following this she developed an in- 
crease in her abdominal pain, with a falling hematocrit, and was 
taken forthwith to the operating room. 

(slide) At operation, she was found to have a large, pedunculated 
tumor arising from the edge of the liver, which had ruptured into the 
peritoneal cavity, with intra-abdominal bleeding. It was removed by 
simple excision and drainage. 

(slide) On cut section, it was found to contain blood clot. 

We feel that, in addition to the entities described by Dr. Jones, 
benign hepatic adenoma will continue to be seen with increasing 
frequency in association with widespread use of oral contraceptives, 
and we feel that it should deserve significant consideration in the 
differential diagnosis of right upper quadrant masses in female 
patients. 


DR. WisHARD S. LORIMER, JR. (Fort Worth, Texas): In this day 
and time of informed consent, I think one needs to discuss with the 
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patient the possibility of surgical excision of hepatic tumors, if one 
intends to do this concomitantly with colon resection. I'd like to 
ask Dr. Adson if he does this. Also, if you have a large metastatic 
tumor that you can't do concomitantly, how do you time the second 
operation? 

The second point I'd like to make is that I think it's very important, 
when we encounter a resectable metastasis that we do not resect 
initially, we should at least find out what the histopathology is. 

In a recent experience of two cases, one that I planned to go back 
in turned out to be an oat cell carcinoma, occult, from the lung; and 
the second is a case in which the surgeon was not prepared to do a 
wedge resection of a deeply-seated 2-cm lesion, and he very wisely 
took a needle biopsy. The pathology report was a hemangiosarcoma. 
The patient declined to have anything done about this. The surgeon 
brought the case to me last January, and at that time he had a huge 
mass occupying his right upper quadrant. 

(slide) This turned out to be the end result of that hemangio- 
sarcoma. It required an extended right hepatic lobectomy, and it 
also had infiltrated the cupola of the right hemidiaphragm, which 
also required resection. 

The patient had an uneventful convalescence following this, but 
here again, a lesion which was initially thought by the surgeon to be 
metastatic colorectal carcinoma turned out to be something else. 


DR. MARTIN A. ADSON (Closing discussion): I really have two 
things to do. One is to discuss Dr. Jones' paper, and then close mine: 
and I want to do a third thing that I've deferred. 

You said, Dr. Carter, that you hadn't acknowledged my new mem- 
bership, and I didn't either; but I did not purposely. I didn't want to 
break up while I was making my formal presentation. Let me tell 
of my appreciation in a roundabout way. 

(slide) Twenty years ago, having never seen a major hepatic re- 
section, I had to decide whether or not to remove this tumor. Re- 
flecting or that decision, I recalled a slide that Dr. P. G. Arnold. a 
transplanted Southern surgeon who's now with us, gave to me, and it 
must not go unused: "Two roads diverged into a wood and I—] 
took the one less traveled by — and that has made all the difference." 
Robert Frost. 

I did resect that tumor. The patient lived for 11 years, and justified 
other resections. 

That road has led. for me, to membership in the Southern Surgical 
Association, and that has made all the difference. 

Dr. Jones’ experience is not small, and his associates and he 
deserve congratulations. They have shown again that the risk of 
major hepatic resection is acceptable, and benefits significant. They 
referred, and he did tonight, to a report of mine published in 1973, 
and quoted a 50% five-year survival rate following resection of malig- 
nant hepatomas. 

| want to revise that report, for some of those "malignant 
hepatomas’ were, in fact, huge hepatocytic adenomas, misclassified 
by our pathologists. Dr. Louis Weiland has reclassified those tumors: 
34 were malignant hepatomas, and 12 benign. 

My personal series with primary solid tumors as of a year ago 
is represented on this slide, (slide) one postoperative death for the 
46 patients, and the five-year survival for the malignant lesions 
of 36%. 

The slide outlining the complications of this group of 46 resections 
I could not find to bring along, but I can tell you of the postoperative 
progress of 27 patients that I reported earlier with major resection 
of metastases done since 1973. There was the one operative death 
during that period of time. Only six of those 27 patients were in 
hospital more than 12 days after operation. The longest hospital 
stay was 18 days, and the average stay in hospital for that group was 
11 days. 

One other question: What of the diagnostic methods which 
Dr. Jones made reference to in his manuscript? 

(slide) This is a malignant hepatoma, of great size. (slide) It was 
not seen on this CT scan, for it was isodense with the normal liver. 
However, metastatic tumors are more likely to be seen, (slide) as was 
this solitary lesion. And when multiple lesions such as these are 
seen by computed tomography, the patient may be spared an 
operation. 
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(slide) Drs. Fortner and Starzl have little use for angiography, 
but for me it provides a map for safer travel. This shows a triseg- 
mental lesion—these would be the feedback vessels to the medial 
segment of the left lobe; and for me to have this and a venous 
phase portogram which shows the portal venous bifurcation is 
helpful. | 

(slide) This is a tumor of similar size involving the left hepatic 
lobe that required a total left lobectomy. 

I want to ask Dr. Jones about his use of angiography, and have 
two other questions for him. One is: What incision does he favor 
for right lobectomy? Again, Drs. Fortner and Starzl try to avoid 
thoracic extension of abdominal incisions. I feel I do not have safe 
control or flexibility without this large, thoracoabdominal incision 
when resecting large lesions. (slide) 

The final question Dr. Cameron has already asked: What can he 
tell of the natural history of cavernous hemangiomas? (slide) This 
is one that contained an infected hematoma, (slide) and this one was 
taken from a man who didn't want to give up riding his motorcycle. 
Those decisions were easy, but I’m unsure about the indications 
for resection of the medium-size lesions and, as Dr. Cameron has 
asked, some of the very large asymptomatic lesions. 

Now, to close the other paper, if I can find my hasty notes about 
those questions. 

(slide) Dr. Cameron asked a planted question. It had to do with: 
What about our controls? I have had deep concern that we had some 
kind of divine guidance in selecting our patients, and, therefore, 
we used the control curve from our retrospective study. And then 
Dr. Charles Moertel, a medical oncologist who is realistic about 
the limitations of chemotherapy, and also sympathetic with our 
goals, gave to me two weeks ago this group of 58 patients that were 
seen between 950 and 1960. They were consecutive controls that 
had only hepatic metastases and were untreated. 

We were looking for biologic oddities, to see if there were some 
people who had spontaneous remission, or quiescent cancer, or 
very long survivals; and we did not find any. This gives me more 
confidence that what we're doing surgically is a function of our 
surgery, more than the natural history of the disease. 

I agree with Dr. Busuttil that what we are working with is a very, 
very, very small proportion of patients. I did not have this slide made 
up since he asked the question; it's usually part of my presentation. 
(slide) Twenty per cent of patients with colorectai cancer do have 
hepatic metastases. Only 25% of these lesions are solitary or 
unilobar, and, therefore, 5% of patients have resectable lesions that 
would tempt the surgeon, but, as we see, only 20-30% of those are 
benefited. 

Dr. Busuttil, you did mention a risk—benefit equation that exag- 
gerated the operative risk. My operative risk for major resections of 
46 primary lesions and 30 metastatic lesions is 4%. It is that I compare 
with a 20-30% benefit. 

I agree with your goal at UCLA with infusion chemotherapy, 
but would like to look at that harder. I noticed the mean survival 
of nine months, but I saw nothing about controls; and I would like 
to know how much is done to the patient — how much hospitalization; 
how much is done that is noxious to the patient; and what about 
quality of life? 

I think it’s very important that we do not make our efforts to 
palliate people noxious. As John Bucan, Lord Tweedsmuir, 
said, "We must have the grace to let a sick man die in peace." 

How do we rule out other metastases? We can't rule them out 
completely, but the CT scan, particularly two-second scanner, is 
very likely to pick up 1—'^ cm metastases in the opposite lobe. 

In regard to removal of metastatic liver tumors from other 
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visceral cancers, I’m guided by, pretty much, the cellular differenti- 
ation. There are some grade 2 stomach cancers. There are islet cell 
tumors of the pancreas, and other neoplasms that are biologically 
lazy enough to be treated by hepatic resection with similar results 
as those seen with colorectal metastases. 

Dr. Lorimer has asked about informed consent. I know little of that 
but can tell you what I do. We do not have consent forms in our 
institution. I do spend enough time talking with patients before 
operation, getting to know them, that I think that we are brothers 
by the time they come to operation. The lawyer who leads a patient 
who could have had a small metastasis removed safely at the initial 
operation to have a second operation should be sued. 

If we can find a small metastasis at the time of the primary re- 
section, that’s small enough to be done with negligible risk, we take 
it out, because we consider the cost of going back. If it’s a larger 
metastasis, I will then defer the major resection, and wait for the 
patient to get off his knees, have a little holiday, and come back in 
four to six weeks. 

I have mixed feelings about biopsy of the lesion, because biopsy 
may cause seeding; it would take another five minutes to discuss 
the pros and cons of that, and I’m already overtime. Dr. Lorimer, 
I see your point. Let's visit about that some time. 


DR. J. B. HANKs (Closing discussion): Concerning our experience 
with hemangioma, all four of our patients underwent resection for 
large, 14 cm average, symptomatic lesions. One of these patients 
had a fever of unknown origin, and was worked up for a possible 
abscess, which turned out, in fact, to be a hemangioma. 

Six years ago, Dr. Longmire presented before this society his 
results with major resection, which included eight large hemangio- 
mas, and stated that the rare large hemangioma may be symptomatic 
by virtue of its size, and the possibility of spontaneous rupture could 
justify resection. He also stated that the asymptomatic hemangioma 
did not require treatment, and we have certainly agreed with that 
approach. While at Duke we are not following any small hemangio- 
mas — we have none that we know of at this point — I would like to 
emphasize that all our hemangiomas were indeed symptomatic. 

Concerning Dr. Adson's question about arteriograms and 
radionuclide scans, 21 of our 32 patients had arteriography. Five 
of the seven hepatomas had arteriography, and all five were positive. 
Of the three pediatric hepatoblastomas, two received arteriography, 
both of which were positive. Of our 12 metastatic lesions, 11 had 
arteriography of which nine were positive. Of the two that were 
negative, one was a small 3.4 cm lesion, and the other was a leiomyo- 
sarcoma. Three of the hemangiomas had arteriography, and all three 
were positive. 

Twenty-three of our 32 patients underwent radionuclide scanning; 
22 of these were positive. Therefore, we feel that the use of arteriog- 
raphy, and radionuclide scans gives a very high yield of information. 

Concerning Dr. Adson's question about our surgical approach, 
in the pediatric population we have employed the abdominal in- 
cisions for hepatic resection. In adults with left lobectomy, or partial 
left lobectomy, the principal approach has been through a midline 
incision. For right lobectomy, we have classically employed a right 
subcostal incision, through which the initial assessment of operative 
resectability has been performed by manual abdominal exploration. 
When this has been confirmed, a thoracic extension has been done 
in the majority of the patients for enhanced exposure. 

Recently, with the last patient in this series, and with a patient 
who underwent a right lobectomy by Dr. Jones last week, who was 
not included in this data, we have performed right lobectomy 
through entirely abdominal right subcostal margin incision. 
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because of an inadequate treatment period, concomitant therapy with other anticancer agents, 
or not having evaluable disease. 


Please see next page for a brief summary of prescribing information. 


34A 


BRIEF SUMMARY 
NOLVADEX” (tamoxifen citrate) tablets 


indications and Usage: Nolvadex® has proven useful in the 
palliative treatment of advanced breast cancer in postmeno 
pausal women. Available evidence indicates that the patients 
who have had a recent negative estrogen receptor assay are 
unlikely to respond to Nolvadex 
Contraindications: There are no known contraindications to 
the use of Nolvadex 
Warnings: Nolvadex may have oncogenic activity in animals; 
the possibility of this potential in humans should be consid- 
ered. Nolvadex affects reproductive function in rats at dose 
levels somewhat higher than the human dose. Safe use in 
pregnancy has not been established 

Ocular changes have been reported in a few patients 
treated for periods greater than one year with Nolvadex at 
doses at least four times the highest recommended dally 
dose of 40 mg. The ocular changes consist of retinopathy 
and, in some patients, there are also corneal changes anc a 
decrease in visual acuity. Ophthalmologic examinations of 
selected patients receiving long-term therapy with Nolvadex“ 
at recommended doses have not detected any ocular pathol- 
ogy attributable to the drug 

As with other additive hormonal therapy (estrogens and an- 
drogens), hypercalcemia has been reported in some breast 
cancer patients with bone metastases within a few weeks of 
starting treatment with Nolvadex. If hypercalcemia does oc- 
cur, appropriate measures should be taken and, if severe 
Nolvadex should be discontinued 
Precautions: Nolvadex should be used cautiously in patients 
with existing leukopenia or thrombocytopenia Observations 
of leukopenia and thrombocytopenia occasionally have been 
made. but it is uncertain if these effects are due to Nolvadex 
therapy. Transient decreases in platelet counts, usually to 
50.000-100,000/cu mm, infrequently lower, have been occa- 
sionally reported in patients taking Nolvadex for breast can- 
cer. No hemorrhagic tendency has been recorded and the 
platelet counts returned to normal levels even though treat- 
ment with Nolvadex continued. Periodic complete blood 
counts, including platelet counts, may be appropriate 
Usage in Pregnancy: Nolvadex should not be used during 
pregnancy 
Adverse Reactions: The most frequent adverse reactions to 
Nolvadex are hot flashes, nausea, and vomiting. These may 
occur in up to one-fourth of patients, but are rarely severe 
enough to require discontinuation of treatment 

Less frequently reported adverse reactions are v aginal 
bleeding, vaginal discharge, menstrual irregularities, and 
skin rash. Usually these have not been of sufficient severity to 
require dosage reduction or discontinuation of treatment 

Increased bone and tumor pain, and also local disease 
flare have occurred, which are sometimes associatec with a 
good tumor response. Patients with increased bone pain may 
require additional analgesics. Patients with soft tissue dis- 
ease may have sudden increases in the size of preexisting le- 
sions. sometimes associated with marked erythema within 
and surrounding the lesions, and/or the development of new 
lesions. When they occur, the bone pain or disease flare are 
seen shortly after starting Nolvadex® and generally subside 
rapidly 

Other adverse reactions which are seen infrequently are 
hypercalcemia, peripheral edema, distaste for food, pruritus 
vulvae, depression, dizziness, light-headedness and head- 
ache 

If adverse reactions are severe, it is sometimes possible to 
control them by a simple reduction of dosage without loss of 
control of the disease 
Overdosage: Acute overdosage in humans has no: been re- 
ported. Signs observed at the highest doses following studies 
to determine LDss in animals were respiratory difficulties and 
convulsions. No specific treatment for overdosage 's known, 
treatment must be symptomatic 
Dosage and Administration: One or two 10 mg tablets twice 
a day (morning and evening) 
How Supplied: Nolvadex tablets are white, round, biconvex 
tablets imprinted with STUART 600, containing tamoxiten as 
the citrate in an amount equivalent to 10 mg of tamoxifen. The 
tablets are available in containers of 60 tablets and 250 tab- 
lets. The tablets should be protected from heat and light 
NDCO0038-0600 September 1979 


STUART PHARMACEUTICALS 


Division of ICI Americas Inc. 
Wilmington, Delaware 19897 
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You can 
now order 
article 
reprints 


from this 


publication 


University Microfilms International, 
in cooperation with publishers 

of this journal, offers a highly con- 
venient Article Reprint Service. 
Single articles or complete issues 
can now be obtained in their 
original size (up to 82 x 11 inches). 
For more information please com- 
plete and mail the coupon below. 


ARTICLE REPRINT 


SERVICE 


University Microfilms International 


OYES! I would like to know more about the Article Reprint 
Service. Please send me full details on how | can order. 


C Please include catalogue of available titles. 


Name i Title __ 








Institution/Company 





Department . . : 





Address — 
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Mailto: University Microfilms International 
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This is not a cure-all. It’s good nutrition-for-all. 


Carnation Instant Breakfast, mixed 
with vitamin D milk as directed, provides 
good honest protein — 15 grams (35% 
RDA) per serving. 

And 2576 (or more) RDA of 18 vita- 
mins and minerals. The milk, of course, 
contributes substantial nutrition. (Just read 
the label.) So does the instant breakfast. 
The complete serving contains almost twice 
the protein of the milk, and the micronutrient 
deficiencies of the milk are filled. 

All this adds up to 280 good-tasting 
Calories. 

Carnation Instant Breakfast can help 
solve nutritional problems. 


It's especially good nutrition-for-all of 
the following: 
1. Geriatric Patients 
2. Underweight and Problem Eaters 
3. Post Operatives 
4. Convalescents 
5. Upper and Lower G.I. Problems 
6. Patients with any type of Gcstric 
Problem 
7. Expectant Mothers 
8. Sedentary Patients 
9. Alcoholic Patients 
And for good all-around solid nour- 
ishment — Carnation Breakfast Bar. It, too, 
is nutritionally balanced to complement 


milk. One crunchy bar and a glass of vita- 

min D milk makes a 360-Calorie meal. 
Send for your professional samples 

and these free diet plans. Check the ones 

you like and mail to: 

Carnation Company, P.O. Box 550, Dept. 

#OF, Pico Rivera, CA 90665. 


[ Residue Controlled O High Protein 
LJ Purine Restricted [ Liberal Bland 


Name 
Address 
City 
ON s ss D 
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a 
See below for important product information concerning warnings, adverse reactions, patient selection and prescribing and precautionary recommendations. 


Let the healing begin 
in pain-free comfort 


(latCaifie hydrochloride / 


brand of 


bupivacaine hydrochloride 


with or without epinephrine 1:200,000 





Indications: Peripheral nerve block, infiltration, sym- 
pathetic block, caudal, or epidural block. 


Contraindication: Marcaine is contraindicated in 
patients with known hypersensitivity to it. 


Warnings: RESUSCITATIVE EQUIPMENT AND 
DRUGS SHOULD BE READILY AVAILABLE WHEN 
ANY LOCAL ANESTHETIC IS USED. 


Usage in Pregnancy. Reproduction studies have been 
performed in rats and rabbits and there is nc evidence 
of harm to the animal fetus. The relevance to the 
human is not known. Safe use in pregnant women 
other than those in labor has not been established. 


Until further clinical experience is gained, paracervical 
block with Marcaine is not recommended. Fetal brady- 
cardia frequently follows paracervical block with some 
amide-type local anesthetics and may be associated 
with fetal acidosis. Added risk appears to be present 
in prematurity, toxemia of pregnancy, and fetal distress. 


The obstetrician is warned that severe persistent hy- 
pertension may occur after administration of certain 
oxytocic drugs, if vasopressors have already been 
used during labor (e.g., in the local anesthetic solution 
or to correct hypotension). 


Solutions containing a vasoconstrictor, particularly 
epinephrine or norepinephrine, should be used with 
extreme caution in patients receiving monoamine oxi- 
dase (MAO) inhibitors or antidepressants of the 
triptyline or imipramine types, because severe, pro- 
longed hypertension may result. 


Local anesthetics which contain preservatives, i.e., 
those supplied in multiple dose vials, should not be 
used for caudal or epidural anesthesia. 


Until further experience is gained in children younger 
than 12 years, administration of Marcaine in this age 
group is not recommended. 


Precautions: The safety and effectiveness of local 
anesthetics depend upon proper dosage, correct tech- 
nique, adequate precautions, and readiness for 
emergencies. 


The lowest dosage that gives effective anesthesia 
should be used in order to avoid high plasma levels 
and serious systemic side effects. Injection of re- 
peated doses of Marcaine may cause significant in- 
crease in blood levels with each additional dose, due 
to accumulation of the drug or its metabolites or due 
to slow metabolic degradation. Tolerance varies with 
the status of the patient. Debilitated, elderly patients 
and acutely ill patients should be given reduced doses 
commensurate with age and physical condition. 


Solutions containing a vasoconstrictor should be used 
cautiously in areas with limited blood supply, in the 
presence of diseases that may adversely affect the 
patient's cardiovascular system, or in patients with 
peripheral vascular disease. 


Marcaine should be used cautiously in persons with 
known drug allergies or sensitivities, particularly to 
the amide-type local anesthetics. 

Serious dose-related cardiac arrhythmias may occur 
if preparations containing a vasoconstrictor such as 
epinephrine are employed in patients during or follow- 
ing the administration of chloroform, halothane, cyclo- 


PRODUCT IDENTIFICATION 


Marcaine HCI Epinephrine* | Methyl- Sodium Thio- Ascorbic 
(brand of (as bitartrate) | paraben Bisulfite glycerol Acid 
bupivacaine HCI) 
% mg./ml. Dilution mg./mi. mg/ml X ml/ml. mg./ml. 
0.25 25 — — 
0.25 25 1:200,000 2 
0.5 5.0 — -— 
0.5 5.0 1:200,000 2 
0.75 15 — 
0.75 75 1:200,000 Not Available in Vials 


MULTIPLE DOSE VIAL 





propane, trichloroethylene, or other related agents. In 
deciding whether to use these products, concurrently 
inthe same patient, the combined action of both agents 
upon the myocardium, the concentration and volume 
of vasoconstrictor used, and the time since injection, 
when applicable, should be taken into account. 


Caution is advised in administration of repeat doses 
of Marcaine to patients with severe liver disease. 


Adverse Reactions: Reactions to Marcaine are char- 
acteristic of those associated with other amide-type 
local anesthetics. A major cause of adverse reactions 
to this group of drugs is excessive plasma levels, 
which may be due to overdosage, inadvertent intra- 
vascular injection, or slow metabolic degradation. 


Excessive plasma levels of the amide-type local anes- 
thetics cause systemic reactions involving the central 
nervous system and the cardiovascular system. The 
central nervous system effects are characterized by 
excitation or depression. The first manifestation may 
be nervousness, dizziness, blurred vision, or tremors, 
followed by drowsiness, convulsions, unconscious- 
ness, and possibly respiratory arrest. Since excitement 
may be transient or absent, the first manifestation may 
be drowsiness, sometimes merging into unconscious- 
ness and respiratory arrest. Other central nervous 
system effects may be nausea, vomiting, chills, con- 
striction of the pupils, or tinnitus. The cardiovascular 
manifestations of excessive plasma levels may include 
depression of the myocardium, blood pressure 
changes (usually hypotension), and cardiac arrest. In 
obstetrics, cases of fetal bradycardia have occurred 
(see Warnings). 


Allergic reactions, which may be due to hypersensi- 
tivity, idiosyncrasy, or diminished tolerance, are char- 
acterized by cutaneous lesions (e.g., urticaria), edema, 
and other manifestations of allergy. Detection of sen- 
sitivity by skin testing is of doubtful value. 


Reactions following epidural or caudal anesthesia 
also may include: high or total spinal block; urinary 
retention; fecal incontinence; loss of perineal sen- 
sation and sexual function; persistent analgesia, 
paresthesia, and paralysis of the lower extremities; 
headache and backache; and slowing of labor and 
increased incidence of forceps delivery. 


Treatment of Reactions. Toxic effects of local anes- 
thetics require symptomatic treatment; there is no 
specific cure. The physician should be prepared to 
maintain an airway and to support ventilation with 
oxygen and assisted or controlled respiration as re- 
quired. Supportive treatment of the cardiovascular 
system includes intravenous fluids and, when appro- 
priate, vasopressors (preferably those that stimulate 
the myocardium). Convulsions may be controlled with 
oxygen and intravenous administration, in small incre- 
ments, of a barbiturate, as follows: preferably, an 
ultrashort-acting barbiturate such as thiopental or thi- 
amylal; if this is not available, a short-acting barbiturate 
(e.g., secobarbital or pentobarbital) or diazepam. Intra- 
venous barbiturates or anticonvulsant agents should 
only be administered by those familiar with their use. 


References: 

1. Moore DC, Bridenbaugh LD, Thompson GE: Bupiv- 
acaine hydrochloride: a summary of investigational 
use in 3,274 cases. Anesth Analg 50: 856-872, 1971. 


2. Moore DC, Bridenbaugh LD, Thompson GE, et al: 
Bupivacaine: a review of 11,080 cases. Anesth Analg 
57:42-53, 1978. 


-BREON BREON LABORATORIES, INC. 
90 Park Avenue, New York, N.Y. 10016 
FORMULA 


SINGLE DOSE AMPUL 


60% Edetate | Sodium Thio- Ascorbic 60% Edetate 
Sodium Calcium | Bisulfite glycerol Acid Sodium Calcium 


Lactate Disodium Lactate Disodium 
mi./ml. mg./ml.| mg./ml.  ml/ml.  mg./ml. X ml./ml. mg./ml. 
0017 í ' .001 2 .0017 0.1 
0017 : 001 2 0017 0.1 

001 2 0017 0.1 


Note: The pH of these solutions is adjusted with sodium hydroxide or hydrochloric acid. Sodium chloride has been added to make each solution isotonic. 


*Solutions of Marcaine that contain epinephrine should not be autoclaved. 
Federal law prohibits dispensing without a prescription. 


Let the healing begin 
in pain-free comfort 


Of all commonly used local anesthetics, 
Marcaine® defers pain for so long, 
there's significantly less need 

for postoperative analgesics.'? 


Mearcaine hydrochloride 


brand of 


bupivacaine hydrochloride 


with or without epinephrine 1:200,000 
See adjacent page for prescribing information. 
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"Current abstracts are amplified and illuminated by comments of the mem- 
bers of the Editorial Board, based on their own clinical experiences as well as 
those of other recognized authorities" ..just one of the reasons why 


Current 
SUFSCTV eee 


Editor: Lloyd M. Nyhus, M.D. 


Associate Editors: Robert E. Condon, M.D. 
W.G. Schenk, Jr., M.D., Seymour Schwartz, M.D., 
Robert J. Baker, M.D. 





helps Resident (special rate only $18.00 ) and Veteran Surgeon alike to 
keep up with current progress, trends, and attitudes in all branches of 
surgery and the surgical specialties. 


A true saver of precious reading time— from its detailed Contents Pages to 
its meaty reviews, and abstracts especially classified for reader convenience- 
a typical issue includes: 


e Focus—several Reviews of timely or other 
special significance 
e An original Report of major importance 


e Twenty or more Abstracts with Commentary 
(and oft- times, rebuttal) 


e Residents Corner —comprising Brief (1 to 3. page) 
Reports and Investigations 


e In-depth Reviews of Current Books in Surgery 


TO PUT THE BIMONTHLY CURRENT SURGERY AT YOUR FINGERTIPS NOW, 


SUBSCRIBE TODAY... 


Circulation Department 
Lippincott/Harper 
2350 Virginia Avenue 
Hagerstown, MD 21740 


Please enter my subscription to CURRENT SURGERY for 1 year (6 issues), at 0 $22 
(U.S.); C1 $26 (all other countries); Resident Rate O $20.00 (U.S. only; also note “year” of 











residency and Specialty — ). 

PLEASE PRINT O Payment Enclosed. 
Name O Charge my account. 
Address My Specialty is: 
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Calcium-Regulating Hormone Solutior 
Sieen | Plays Important Pa 
in Total Treatment o 
Hypercalcemia 





zontrolled Studies of 52 Patients’ 


Calcimar* 


Fast Acting 


Significant results obtained within 2-3 hours 


Compatible 


May be used in conjunction with other anticalcemic measures 


Wide Range of Safety 


No major side effects in high doses;* no interference witht 
electrolyte balance 


Action 


Inhibits mobilization of calcium from bone and to some extent 
reduces tubular reabsorption of calcium in the kidney 


Documented 
Effectiveness 


3 
in 77% of 43 pa 
m 
E 


Patients?-^4 


IMPROVED 


BNO 
SIGNIFICANT 
EFFECT 


Sjoberg? Fillastre® Wisneski^ 


Calcimar Solutio 


(calcitonin-salmon) Armour 


a calcium-regulating hormone 


"M. -1 1 NOW AVAILABLE IN 
ways of Study PREPARED SOLUTION FORM 


Brief summary of prescribing information on reverse side 


Imber of Patients 


of systemic allergic reactions should not be overlooked. Nausea vomiting, and local irritation have been reported in about 10% o 

of Summary for additional information. 1. Gray TK. Becker KL, Deftos LJ. Goldsmith RS Controlled clinical studies with 52 hypercalcem 
le. 2 Sjoberg HK. Hiern B: Acta Chir Scand 141:90, 1975. 3 Fillastre JP Humbert G et al.: Curop J Intensive Care Med 1:185, 1975. 4. Wisne: 
ai. Clim Pharmaco! Ther 23:219, 1978 
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(calcitonin-salmon) Armour 


NOW AVAILABLE 
IN PREPARED 
SOLUTION FORM 


A Calcium-Heguating Hormone. 
Effective in Early Treatment of 
Hypercalcemia and Hypercalcemic Crisis 
As Part of The Overall Therapy 





BRIEF SUMMARY 


DESCRIPTION: CALCIMAR® (calcitonin-salmon) is a syn- 
thetic polypeptide hormone of salmon origin. CLINICAL 
PHARMACOLOGY: Calcitonin acts primarily on bone, but 
renal effects, and actions on the g.i. tract, are also recog- 
nized. The actions of calcitonin and its role in bone phy- 
siology are not completely understood. Bone — Single 
injections of calcitonin cause a marked transient inhibition of 
the bone resorptive process. With prolonged use, there is a 
persistent, smaller decrease in the rate of resorption. 
Decreased osteocytic resorption may also be involved. 
Possible bone formation may be augmented by calcitonin 
through increased osteoblastic activity. Hypercalcemia — 
Salmon calcitonin has been shown to lower the elevated 
serum calcium of patients with carcinoma, multiple myeloma 
and, with lesser response, primary hyperparathyroidism. 
Calcium-lowering response occurs about 2 hours after first 
injection and lasts for 6 to 8 hours. INDICATIONS AND 
USAGE: Synthetic salmon calcitonin (CALCIMARY?) is indi- 
cated for early treatment of hypercalcemic emergencies, 
along with other appropriate agents, when a rapid decrease 
in serum calcium is required, until more specific treatment of 
the underlying disease can be accomplished. It may also be 
added to existing therapeutic regimens for hypercalcemia 
such as i.v. fluids, furosemide, oral phosphate, cortico- 
steroids, or other agents. CONTRAINDICATIONS: Clinical 
allergy to synthetic salmon calcitonin. WARNINGS: Pregnan- 
cy — Reproduction studies in two species have revealed de- 
creases in fetal birth weight, and data in humans are not 
available to exclude a possible adverse effect on the fetus. 
Use of this drug in women who are or may become pregnant 
requires a determination that the potential benefit to the pa- 
tient outweighs the possibility of risk to the fetus. Calcitonin 


has been shown to inhibit lactation in animals and should not 
be administered to nursing mothers. PRECAUTIONS: Allergy 
— Calcitonin is protein in nature; therefore, the possibility of 
a systemic allergic reaction cannot be overlooked. Hypocal- 
cemia — The administration of calcitonin possibly could lead 
to hypocalcemic tetany although no cases have yet been re- 
ported. Patient Instructions — Careful instruction in sterile 
injection technique should be given to the patient and to 
other persons who may administer CALCIMAR? Laboratory 
Tests — Periodic examinations of urine sediment of patients 
on chronic therapy are recommended. Pediatric Use — 
There are no adequate data to support the use of calcitonin in 
children. ADVERSE REACTIONS: Nausea and/or vomiting 
has been noted in about 10% of patients. These effects tend 
to decrease or disappear with continued administration. 
Local inflammatory reactions at the site of subcutaneous or 
intramuscular injection have been reported in about 10% of 
patients. Facial flushing occurred in about 2-5% of patients. 
DOSAGE AND ADMINISTRATION: Hypercalcemia — The 
recommended starting dose of calcitonin in hypercalcemia is 
4 MRC units/kg body weight q. 12h., s.c. or i.m. If response is 
not satisfactory after 1-2 days, the dose may be increased to 
8 MRC units/kg, q. 12h. If still unsatisfactory after 2 more 
days, the dose may be brought to a maximum of 8 MRC 
units/kg, q. 6h. If injection volume exceeds 2 ml, intra- 
muscular injection is preferable, using multiple sites. HOW 
SUPPLIED: CALCIMAR® (calcitonin-salmon) Armour, is 
available as a sterile solution in 2 ml vials containing 200 

MRC units per ml. Store in refrigerator between 
DN 2°-8°C (36°-46°F). 


ARMOUR PHARMACEUTICAL CO. 
Phoenix, Arizona 85077 


© Copyright 1980 by Armour Pharmaceutical Company 
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SECOND EDITION 
M 


illustrated Preoperative 


and Postoperative Care 


By Philip Thorek, M.D., F.A.C.S., F.I.C.S 
Illustrated by Carl Linden 


Relying on the use of original illustrations cou- 
pled with succinct, on-target text, this second 
edition of Illustrated Preoperative and Postopera- 
tive Care is a masterful exposition of Dr. Thorek’s 
rich personal experience. 

Practicality is the theme as Dr. Thorek covers 
evaluaticn of the surgical patient, the immediate 
post-op period, the recovery room, use of fluid 
and electrolytes, chemotherapy, and surgical 
complications. The chapter on surgical pharma- 
cologv, new to this edition, includes the concepts 
of alpha and beta stimulators and blockers as 
they pertain to the therapeutic value of various 
drugs. 

The beautiful illustrations support the text ad- 
mirablv, and in manv cases are fully explanatory 
in themselves. 


<< 


. a useful reference source for neophyte or 
experienced surgeon alike.” —Military Medicine 
^... invaluable to any student, surgeon, resident, 
intern or clerk, who ever intends to do surgery 
of any type. —International Surgery. 

147 Pages * 79 Illus. * 2nd Edition, 1973 > 
$14.00 


Lippincott 


J. B. Lippincott Company 
East Washington Square e Phila., Pa. 19105 


Please send me: 
[] ILLUSTRATED PREOPERATIVE 





AND POSTOPERATIVE CARE ....... $14.00 
MAM. se ze 
Address E 
CAD n 9108... —— 7n 


Charge and bill me 


[] Payment enclosed 
Plus postage & handling 


Save postage & handling 


Also available at your medical bookstore AS 5/80 







SURGICAL 
ENDOCRINOLOGY 


Clinical Syndromes 


® 
Edited by 


STANLEY R. FRIESEN, M.D., Ph.D.(Surg.) 


with 28 contributors 


Here is up-to-the-minute, useable information 
on the known endocrine syndromes requiring 
the attention of surgeons and other physicians. 
The book encompasses all the surgically signifi- 
cant endocrinopathies, both common and rare, 
all ages of patients, from the newborn to the 
elderly, and all accepted techniques of clinical 
and laboratory diagnosis, as well as surgical and 
conservative management. 


The relevant basic sciences are integrated with 
current diagnostic and therapeutic techniques. 
Each of the contributors is a leading authority 
writing on his own area of special interest. 


Among the unique features of this text you'll 
find an illuminating commentary on each 
chapter by Dr. Friesen... step-by-step diagnos- 
tic flowcharts . .. a central table of the humoral 
and biological actions of 20 important endocrine 
syndromes mnemonic names for the 
syndromes . . . diagrammatic illustrations de- 
picting the pathophysiology of each syndrome 
as a composite of clinical findings. 


The volume presents a wealth of extraordin- 
arily current developments, featuring informa- 
tion on such innovative concepts and practices 
as the APUD series of endocrine cells—their 
origin, identification, and clinical applications, 
and the future surgical management of endo- 
crinopathies via transposition and transplan- 
tation of endocrine tissues. 


430 Pages / 110 Illustrations / 1978 / $34.50 
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Lippincott 


J. B. LIPPINCOTT COMPANY 


75 Horner Avenue, Toronto, Ontario M8Z 4X7 


Please send me: 





o Payment enclosed (Save postage and handling) 
O Charge and bill me (Plus postage and handling) 


Also available at your medical bookstore 


East Washington Square 6 Phila., Pa. 19105 
In Canada: J. B. Lippincott Company of Canada Ltd. 


Friesen: SURGICAL ENDOCRINOLOGY .... $34.50 
Name 

Address 

City = To) "(| —— 
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For ulcerative procti 





CORTIFOAM® 

(hydrocortisone acetate 10% rectal foam) 

Contains nydrocortisone acetate 10% as the sole active 
ingredient in 20 GMs of a foam containing propylene glycol 
ethoxylated stearyl alcohol, polyoxyethylene-10-stearyl ether 
cetyl alcohol, methyl and propyl! parabens, triethanolamine 
water and inert propellants 

Each application delivers approximately 900 mg. of foam 
containing 80 mg. of hydrocortisone (90 mg. of hydrocor 
tisone acetate) 

Clinical pharmacology: CORTIFOAM provides topical ad 
ministration of an anti-inflammatory corticosteroid as adjunc 
tive therapy of ulcerative proctitis 

Indications: CORTIFOAM is indicated as adjunctive therapy 
in the topical treatment of ulcerative proctitis of the distal 
portion of the rectum in patients who cannot retain hydrocor 
tisone or other corticosteroid enemas 

Direct observations of methylene blue-containing foam have 
shown staining no higher than 1O centimeters into the 
rectum 

Contraindications: Local contraindications to the use of 
intrarectal steroids include obstruction, abscess, perforation 
peritonitis, fresh intestinal anastomoses, extensive fistulas 
and sinus tracts 

Tuberculosis (active, latent or questionably healed), ocular 
herpes simplex and acute psychosis are usually considered 








Relative contraindications include active peptic ulcer, acute 
glomerulonephritis, myasthenia gravis, osteoporosis, diver- 
ticulitis, thrombophlebitis, psychic disturbances, pregnancy, 
diabetes, hyperthyroidism, acute coronary disease, hyper- 
tension, limited cardiac reserve, and local ors 
tions, including fungal or exanthematous diseases 
these conditions exist, the expected benefits from steroid 
therapy must be weighed against the risks involved in its use 
Pregnancy is a relative contraindication to corticosteroids, 
particularly during third trimester. If corticosteroids must be 
administered in pregnancy, watch newborn infant closely for 


Where 


signs of hypoadrenalism, and administer appropriate therapy 


if needed 

Warning: Do not insert any part of the aerosol container into 
the anus. Contents of the container are under pressure, but 
not flammable. Do not burn or puncture the aerosol! con- 
tainer. Store at room temperature X 
Because CORTIFOAM is not expelled, systemic hydrocor- 
tisone absorption may be greater from CORTIFCAM than 
from corticosteroid enema formulations. If there is no evi- 
dence of clinical or proctologic improvement witnin two Or 
three weeks after starting CORTIFOAM therapy, or if the pa- 
tient's condition worsens, discontinue the drug 


not over 120°F 


Precautions: Steroid therapy should be administered with 
-aution in patients with severe ulcerative disease because 
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ts are predisposed to perforation of the bowel 
wa t, itis hazardous to wait more 
than a few days for a satisfactory response to medical treat- 
ment. General precautions common to all corticosteroid 
therapy should be observed during treatment with 
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Where surgery is imminer 


clude gradual withdrawal of therapy to 
allow for possible adrenal insufficiency and awareness to 
possible growth suppression in children. Patients should be 
kept under close observation, for, as with all drugs, rare in- 
dividuals may react unfavorably under certain conditions. If 
tions or idiosyncrasies occur, steroids should be 


These in 


severe reat 
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tuted. Do not employ in immediate or early postoperative 


period following ileorectostomy 
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Adverse reactions: Corticosteroid therapy may produce side 
effects which include moon face, fluid retention, excessive 
appetite and weight gain, abnormal fat deposits, mental 
symptoms, hypertrichosis, acne, ecchymosis, increased 
sweating, pigmentation, dry scaly skin, thinning scalp hair, 
thrombophlebitis, decreased resistance to infection, negative 
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ntretainthe steroid enema... 


Frequently your ulcerative proctitis patient 
can't retain the steroid enema: when the patient 
needs to be ambulatory; when the patient is in the 
early stages of therapy; when a steroid enema 
triggers the onset of tenesmus, or when sphincter 
control is weak. 


Now there's an alternative to the retention 
enema—Cortifoam® (hydrocortisone acetate 10%) 
rectal foam. With Cortifoam, the steroid is kept in 
contact with the inflamed mucosa by a muco- 
adhesive foam base. Unlike retention enemas, 
Cortifoam can be administered at any time 
convenient to the patient in just 30 seconds—even 
while standing. Following administration, 
Cortifoam requires no lengthy period of reclining, 
no struggle to retain medication. And it usually 
won't leak or stain even in active patients. “This 
form of treatment is better tolerated since it does not 
provoke the tenesmus or urgency that often 
accompany a fluid enema."* 


Finally, Cortifoam is more economical per 
application than commercially-available steroid 
enemas. 


So when you need an alternative for 
ulcerative proctitis patients who can't retain steroid 
enemas, now you can prescribe one—Cortifoam. 


*Korelitz, B.I.: Hospital Medicine 14:8-34, March, 1978 


[d Reed & Carnrick/Kenil worth, New Jersey 07033 


The easy-to-retain 
alternative. 









possibly account for headache, insomnia and fatigue. Sub- 
capsular Cataracts may result from prolonged usage. Long- 


term use of all corticosteroids results in catabolic effects 

characterized by negative protein and calcium balance. Os- 

teoporosis, spontaneous fractures and aseptic necrosis of the Q I oam 
hip and humerus may occur as part of this catabolic phe- ; 

nomenon. Where hypopotassemia and the other symptoms 


associated with fluid and electrolyte imbalance call for potas- 


sium supplementation and salt-poor or salt-free diets, these 0 
may be instituted and are compatible with diet requirements T C r i le a a 
for ulcerative proctitis. 


Administration and dosage: Usual dose is one applicatorful 
once or twice daily for two or three weeks, and every second T x 
day thereafter, administered rectally. The patient direction 
package with the applicator describes how to use the aerosol 
container and applicator. Satisfactory response usually oc- 
Curs within five to seven days marked by a decrease in symp- 
= toms. Symptomatic improvement in ulcerative proctitis 
should not be used as the sole criterion for evaluating effi- 
cacy. Sigmoidoscopy is also recommended to judge dosage 
adjustment, duration of therapy and rate of improvement. 





How supplied: CORTIFOAM is supplied in an aerosol con- 
tainer with a special rectal applicator. Fach applicator delivers 
approximately 900 mg. of foam containing approximately 80 
mg. of hydrocortisone as 90 mg. of hydrocortisone acetate 

The aerosol container will deliver a minimum of 14 applications. 


What cancer can't kill: 


HOPE. LOVE. COMPASSION. DIGNITY. 
TENDERNESS. UNDERSTANDING. 


Because now there's a book of sound advice 
for evervone whose loved one has cancer. 


How do you cope with cancer when someone you 
care for is the victim? How can you deal with the 
anger, fear and anxiety? Until now, the answer was 
a vague one. Today, however, there is a book— by 
an expert—that is a straightforward, wise, human 
discussion that can truly help you. It avoids both 
extreme anxiety and passive acceptance, looking 
for a middle way of reacting that may actually 
improve the chances of a cure. 


Doing for yourself — with 
the help of an expert. 


Out of the experience of thousands of patients, 
Dr. Cantor talks about every emotional conse- 
quence of the cancer experience. He discusses such 
vital emotional issues as faith in the physician; fear 
of abandonment; the process of restitution; the 
failure of treatment; how different types of 
marriages and family relationships are likely to 
respond; handling depression, and much more. Just 
about everything you could ever want to know, 
every piece of advice you could ever need, is con- 
tained in And A Time to Live. 

If you need help getting through your experience 
with cancer in someone you love, you need this 
book. It will help you have the kind of hope you 
never thought possible. 


"A fine and useful book, unusual in its scope, 
insight, and compassion." 
—ALLEN B. WHEELIS, MD., 
author of The Seeker 


"An extraordinarily fine book . . . It is full of 
vitally important information and wise 
counsel for people who have cancer and for all 
who relate to them as professionals, family 
members, or friends." 

—NEVITT SANFORD, author of 
The Authoritarian Personality 


AND A TIME TO LIVE 
Toward Emotional Well-Being During the Crisis of Cancer 
by Dr. Robert Chernin Cantor 
$10.95 


At your bookstore, or: 


HARPER & ROW, Publishers 
Attn: R. Brengel 

10 East 53rd Street 

New York, N.Y. 10022 


Please send me 1 copies of And A Time to Live (à $10.95 
per copy plus 75c for postage and handling. If not satisfied, I 
may return the book(s) within 10 days for a full refund. I enclose 
D check O money order in the amount of $ 

total. (Please add applicable sales tax.) 
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Address 
City State Zip 


Brief Summary 


Erythrocin: Piggyback 


(ERYTHROMYCIN LACTOBIONATE FOR INJECTION, USP) 


INDICATIONS — ERYTHROCIN PIGGYBACK (erythromycin 
lactobionate for injection) is indicated in the treatment of 
patients where oral administration is not possible or where 
the severity of the infection requires immediate high serum 
levels of erythromycin. Intravenous therapy should be replaced 
by oral administration at the appropriate time. 

Streptococcus pyogenes (Group A beta hemolytic strepto- 
coccus): Upper and lower respiratory tract, skin, and soft 
tissue infections of mild to moderate severity 

Injectable benzathine penicillin G is considered by the 
American Heart Association to be the drug of choice in the 
treatment and prevention of streptococcal pharyngitis and in 
long term prophylaxis of rheumatic fever. 

When oral medication is preferred for treatment of the 
above conditions, penicillin G, V, or erythromycin are alternate 
drugs of choice. 

Alpha-hemolytic streptococci (viridans group): Short-term 
prophylaxis of bacterial endocarditis prior to dental or other 
operative procedures in patients with a history of rheumatic 
fever or congenital heart disease who are hypersensitive to 
penicillin. (Erythromycin is not suitable prior to genitourinary 
surgery where the organisms likely to lead to bacteremia are 
gram negative bacilli or the enterococcus group of streptococci.) 

Staphylococcus aureus: Acute infections of skin and soft 
tissue of mild to moderate severity. Resistant organisms may 
emerge during treatment. 

Streptococcus pneumoniae (Diplococcus pneumoniae): For 
upper respiratory tract infections (e.g. otitis media, pharyn- 
gitis) and lower respiratory tract infections (e.g. pneumonia) 
of mild to moderate severity. 

Mycoplasma pneumoniae (Eaton agent, PPLO): For respira- 
tory infections due to this organism. 

Hemophilus influenzae: For upper respiratory tract infec- 
tions of mild to moderate severity, when used concomitantly 
with adequate doses of sulfonamides. (See sulfonamide label- 
ing for appropriate prescribing information.) The concomitant 
use of the sulfonamides is necessary since not all strains of 
Hemophilus influenzae are susceptible to erythromycin at the 
concentrations of the antibiotic achieved with usual 
therapeutic doses. 

Corynebacterium diptheriae: As an adjunct to antitoxin to 
prevent the establishment of carriers and to eradicate the 
organism in carriers. 

Corynebacterium minutissimum: In the treatment of erythrasma. 

Listeria monocytogenes: Infections due to this organism. 

Neisseria gonorrhoeae: ERYTHROCIN PIGGYBACK (ery- 
thromycin lactobionate for injection) in conjunction with 
erythromycin stearate or base orally, as an alternative drug 
in treatment of acute pelvic inflammatory disease caused by 
N. gonorrhoeae in female patients with a history of sensitivity 
to penicillin. Before treatment of gonorrhea, patients who are 
suspected of also having syphilis should have a microscopic 
examination for 7 pallidum (by immunofluorescence or dark- 
field) before receiving erythromycin, and monthly serologic 
tests for a minimum of 4 months. 


Legionnaires’ Disease: Although no controlled clinical 
efficacy studies have been conducted, /n vitro and limited 
preliminary clinical data suggest that erythromycin may be 
effective in treating Legionnaires' Disease. 


CONTRAINDICATIONS — Erythromycin is contraindicated 
in patients with known hypersensitivity to this antibiotic. 


PRECAUTIONS — Since erythromycin is principally excreted 
by the liver, caution should be exercised when erythromycin 
is administered to patients with impaired hepatic function. 

Prolonged or repeated use of erythromycin may result in 
an overgrowth of non-susceptible bacteria or fungi. If super- 
infection occurs, erythromycin should be discontinued and 
appropriate therapy instituted. 

Areas of localized infection may require surgical drainage 
in addition to antibiotic therapy. 

Recent data from studies of erythromycin reveal that its 
use in patients who are receiving high doses of theophylline 
may be associated with an increase of serum theophylline 
levels and potential theophylline toxicity. In case of theo- 
phylline toxicity and/or elevated serum theophylline levels, 
the dose of theophylline should be reduced while the patient 
is receiving concomitant erythromycin therapy. 

Usage during pregnancy and lactation. The safety of erythro- 
mycin for use during pregnancy has not been established. 

Erythromycin crosses the placental barrier. Erythromycin 
also appears in breast milk. 


ADVERSE REACTIONS — Side effects following the use of 
intravenous erythromycin are rare. Occasional venous irrita- 
tion has been encountered. 

Allergic reactions, ranging from urticaria and mild skin 
eruptions to anaphylaxis, have occurred with intravenously 
administered erythromycin. 

Reversible hearing loss associated with the 
intravenous infusion of 4 or more grams per day of c) 
erythromycin lactobionate has been reported rarely. 
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New from Abbott Laboratories 


ERYTHROMYCIN LACTOR:O C TA'SBIKCU Actin 
RECTION. USP 300 mg per Vial 
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The only erythromycin of any kind available F 1? Prepared in and administered from 
in piggyback... indicated for Legionnaires’ Disease, ' its own dispensing vial 


mycoplasmal and pneumococcal pneumonia = May be prepared with any one of 
plus a number of other susceptible pathogens. 8 diluents 


Erythromycin may also be used to treat infections u Convenient storage 
caused by indicated organisms in patients who * 8 hours at room temperature 
are allergic to penicillin or to penicillin derivatives. * 24 hours under refrigeration 


ABBOTT 


e he e 30 days frozen 
Erythrocin Piggyback...erythromycin y LM RES 


lactobionate...can provide high serum Er thr ocin 
levels via intermittent intravenous Iiggyback 


tibacterial th A A 
antibacteria: therapy. See your Abbott , (ERYTHROMYCIN LACTOBIONATE 
Representative for complete information on. , bi FOR INJECTION, USP) 


1 i " € 
Erythrocin Piggyback, or HER Dept. 498, | When mixed as directed, each 100 ml contains: 
Abbott Laboratories, North Chicago, Ill. 60064 | Erythromycin lactobionate 


equivalent to erythromycin 


Please see opposite page for Brief Summary ©1980 Abbott Laboratories Denzyl alcoho 








Extended in vitro activity* 
against gram-negative 
organisms': Escherichia 
Coli, Klebsiella pneumoniae, 
Proteus mirabilis, P. rettgeri, 
P morganii, P. vulgaris, 
Enterobacter,! and 
Haemophilus influenzae.'? 


Among newer cephalosporins, 
only Mandol has in vitro 
activity* against H. influenzae 
comparable to that of 
J chloramphenicol and superior 
í to that of ampicillin.3 


On call: MANDOL 


Cefamandole Nafate 


1 g (equivalent to cefamandole activity) in 10 and 100-ml-size vials. 





"In vitro activity is not necessarily indicative of clinical 


Demonstrated increased 

in vitro activity* against 
Enterobacter! as compared 
with other cephalosporins ^4 


In vitro activity* against 
gram-positive organisms, 
including Staphylococcus 
aureus, S. epidermidis, 
beta-hemolytic and other 
streptococci,’ and 
Streptococcus pneumoniae. 


Mandol provides in vitro 
activity* against anaerobes.t 


Achieves therapeutic levels 
in pleural and joint fluids, in 
bile and bone.s 


May be.administered both 
I.M. and I. V. 
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See reverse side for summary of prescribing information. 


effectiveness. 


tPseudomonas. Acinetobacter calcoaceticus (formerly 
Mima and Herellea species), most Serratia, enterococci 
(e.g.. S. faecalis), and some strains of P vulgaris are 
resistant in in vitro tests. Initially susceptible strains of 
Enterobacter may occasionally become resistant during 
therapy. 


tMost strains of Bacteroides fragilis are resistant in vitro: 
however. infections caused by susceptible strains have 
been treated successfully. 


§ Tissue analysis gives primarily qualitative rather than 
meaningful quantitative data as to the presence or 
absence of an antibiotic in a particular body fluid or 
tissue. Therapeutic efficacy cannot be predicted by the 
level attained in a specific body fluid or tissue. 


Note: Mandol should be given cautiously to 
penicillin-sensitive patients and is contraindicated In 
patients with known allergy to cephalosporins. 


References: 

1. Antimicrob. Agents Chemother., 9:452. 1976. 
2. Antimicrob. Agents Chemother., 8:679. 1975. 
3. Antimicrob. Agents Chemother., 8:91, 1975. 
4. Antimicrob. Agents Chemother., 9:994, 1976. 
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Cefamandole Nofare 


Brief Summary. Consult the package literature for prescribing information. 


Indications and Usage: Mandol is indicated for the treatment of serious infections caused 
by susceptible strains of the designated microorganisms in the diseases listed below: 

Lower respiratory infections, including pneumonia caused by Streptococcus pneumo- 

niae (Diplococcus pneumoniae), Haemophilus influenzae, Klebsiella species, Staphylo- 
coccus aureus (penicillinase and non-penicillinase-producing). beta-hemolytic 
streptococci, and Proteus mirabilis 

Urinary tract infections caused by Escherichia coli, Proteus species (bath indole-negative 

and indole-positive), Enterobacter species, Klebsiella species, group D streptococci 
(Note: Most enterococci, e.g., S. faecalis, are resistant), and S. epidermidis 
Peritonitis caused by E. coli and Enterobacter species 
Septicemia caused by £. coli, S. aureus (penicillinase and non-penicillinase-producing), 
S. pneumoniae, S. pyogenes (group A beta-hemolytic streptococci), H. influenzae, 
and Klebsiella species 

Skin and skin-structure infections caused by S. aureus (penicillinase and non- 

penicillinase-producing), S. pyogenes (group. A beta-hemolytic streptococci), H. 
influenzae, E. coli, Enterobacter species, and P. mirabilis 

Bone and joint infections caused by S. aureus (penicillinase and non-penicillinase- 

producing) 

Clinical microbiologic studies in nongonococcal pelvic inflammatory disease in females, 
lower respiratory infections, and skin infections frequently reveal the growth of susceptible 
strains of both aerobic and anaerobic organisms. Mandol has been used successfully in 
these infections in which several organisms have been isolated. Most strains of Bacteroides 
fragilis are resistant in vitro; however, infections caused by susceptible strains have been 
treated successfully. 

Specimens for bacteriologic cultures should be obtained in order to isolate and identify 
causative organisms and to determine their susceptibilities to cefamandole. Therapy may 
be instituted before results of susceptibility studies are known; however, once these results 
become available, the antibiotic treatment should be adjusted accordingly. 

In certain cases of confirmed or suspected gram-positive or gram-negative sepsis or in 
patients with other serious infections in which the causative organism has not been 
identified, Mandol may be used concomitantly with an aminoglycoside (see Precautions). 
The recommended doses of both antibiotics may be given, depending on the severity of the 
infection and the patient's condition. The renal function of the patient should be carefully 
monitored, especially if higher dosages of the antibiotics are to be administered. 

Antibiotic therapy of beta-hemolytic streptococcal infections should continue for at least 
ten days. 


Contraindication: Mandol is contraindicated in patients with known allergy to the 
cephalosporin group of antibiotics. 


Warnings: BEFORE THERAPY WITH MANDOL IS INSTITUTED, CAREFUL INQUIRY 
SHOULD BE MADE TO DETERMINE WHETHER THE PATIENT HAS HAD PREVIOUS 
HYPERSENSITIVITY REACTIONS TO CEPHALOSPORINS, PENICILLINS, OR OTHER 
DRUGS. THIS PRODUCT SHOULD BE GIVEN CAUTIOUSLY TO PENICILLIN-SENSITIVE 
PATIENTS. ANTIBIOTICS SHOULD BE ADMINISTERED WITH CAUTION TO ANY PATIENT 
WHO HAS DEMONSTRATED SOME FORM OF ALLERGY, PARTICULARLY TO DRUGS. 
SERIOUS ACUTE HYPERSENSITIVITY REACTIONS MAY REQUIRE EPINEPHRINE AND 
OTHER EMERGENCY MEASURES. 

in newborn infants, accumulation of other cephalosporin-class antibiotics (with 
resulting prolongation of drug half-life) has been reported. 


Precautions: Although Mandol rarely produces alteration in kidney function, evaluation of 
renal status is recommended, especially in seriously ill patients receiving maximum doses. 

Prolonged use of Mandol may result in the overgrowth of nonsusceptible organisms. 
Careful observation of the patient is essential. If superinfection occurs during therapy, 
appropriate measures should be taken. 

Nephrotoxicity has been reported following concomitant administration of aminoglyco- 
side antibiotics and cephalosporins. 

A false-positive reaction for glucose in the urine may occur with Benedict's or Fehling's 
solution or with Clinitest® tablets but not with Tes-Tape® (Glucose Enzymatic Test Strip, 
USP. Lilly). There may be a false-positive test for proteinuria with acid and denaturization- 
precipitation tests. 

As with other broad-spectrum antibiotics, hypoprothrombinemia, with or without 
bleeding, has been reported rarely, but it has been promptly reversed by administration of 
vitamin K. Such episodes usually have occurred in elderly, debilitated, or otherwise 
compromised patients with deficient stores of vitamin K. Treatment of such individuals with 
antibiotics possessing significant gram-negative and/or anaerobic activity is thought to 
alter the number and/or type of intestinal bacterial flora, with consequent reduction in 
synthesis of vitamin K. Prophylactic administration of vitamin K may be indicated in such 
patients, especially when intestinal sterilization and surgical procedures are performed. 

Usage in Pregnancy — Safety of this product for use during pregnancy has not been 
established. 

Usage in Infancy —Mandol has been effectively used in this age group, but all laboratory 
parameters have not been extensively studied in infants between one and six months of age; 
safety of this product has not been established in prematures and infants under one month 
of age. Therefore, if Mandol is administered to infants, the physician should determine 
whether the potential benefits outweigh the possible risks involved. 


Adverse Reactions: Hypersensitivity — Maculopapular rash, urticaria, eosinophilia, and 
drug fever have been reported. These reactions are more likely to occur in patients with a 
history of allergy, particularly to penicillin. 

Blood — Thrombocytopenia has been reported rarely. Neutropenia has been reported, 
especially in long courses of treatment. Some individuals have developed positive direct 
Coombs tests during treatment with the cephalosporin antibiotics. 

Liver — Transient rise in SGOT, SGPT, and alkaline phosphatase levels has been noted. 

Kidney — Decreased creatinine clearance has been reported in patients with prior renal 
impairment. As with some other cephalosporins, transitory elevations of BUN have 
occasionally been observed with Mandol; their frequency increases in patients over 50 
years of age. In some of these cases, there was also a mild increase in serum creatinine. 

Local Reactions — Pain on intramuscular injection is infrequent. Thrombophlebitis 
occurs rarely. [062679] 


Additional information available to the profession on request. 
Litty Eli Lilly and Company 
Indianapolis, Indiana 46285 
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PRESERVE and PROTECT 
YOUR COPIES OF 
ANNALS of SURGERY 


Now, your journals can become a hand- 
some addition to your professional library. 


These file boxes are designed and cus- 
tom-made to keep your copies orderly, 
readily accessible and clean. 


Durable book-binder's board covered 
with scuff-resistant, washable Leathertex. 
Lettering embossed in 23-Karat gold leaf. 


Jesse Jones Box Corp. (since 1843) 
Dep't. JBLA—Phila., Pa. 19141 


Gentlemen: Kindly send me: 
Reasonably priced, too. Only $4.95 ea. O 


3 for $14.00 O 6 for $24.00 O 
Add $1.00 postage per file for orders outside the U.S. 


[] Check enclosed (Make check payable to: 
Jesse Jones Box Corp., Box 5120, Phila., Pa. 
19141) 
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Primary Lymphoma of the Gastrointestinal Tract 


KELVIN CONTREARY, M.D., FRANCIS C. NANCE, M.D., WALTER F. BECKER, M.D. 


Primary gastrointestinal lymphoma represents approximately 
1% of all gastrointestinal neoplasms. Gastric involvement is 
more common than small or large intestine and carries a better 
prognosis. Abdominal pain and weight loss may be the only 
manifestations and may be present for months or years before 
the diagnosis is made. Perforation and obstruction occur 
infrequently. Multiple tumors constitute 8% of cases. Although 
barium studies and endoscopy reveal the lesion in a high 
percentage of cases, exploratory celiotomy is not infrequently 
required for diagnosis. Only one-third of lymphomas are 
confined to the bowel at laparotomy. Histologically one-third 
are reticulum cell sarcomas and the remainder lymphosarcoma 
or lymphocytic lymphoma. Five year survival overall was 38%. 
Curative resections yielded a survival of 60% regardless of site 
while palliative resections offered only a 17% chance of cure. As 
expected, survival was inversely proportional to extent of nodal 
spread. Postoperative radiotherapy is recommended for 
residual disease. 


HEREAS GASTROINTESTINAL involvement by ma- 
W lignant lymphoma is found not infrequently in 
disseminated lymphoma, both Hodgkin’s and non- 
Hodgkin’s, primary tumors of the gastrointestinal tract 
are distinctly less common representing approximately 
1% of alimentary tract neoplasms. To survey our 
' experience a retrospective study of five New Orleans 
hospitals* from 1948 to 1979 was undertaken. 


Materials and Methods 


Our review yielded a total of 112 cases of primary 
gastrointestinal lymphoma. In accordance with the 
criteria proposed by Dawson et al. lesions were 
considered primary to the GI tract only if there were no 
palpable superficial nodes or roentgenographic evidence 
of mediastinal disease; the peripheral blood smear 
revealed no leukemic or lymphomatous abnormalities: 
and, if at laparotomy, all intra-abdominal lymphadenop- 
athy corresponded to accepted lymphatic drainage 
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routes such that the adenopathy could be considered to 
represent secondary spread from the tumor primary. 
Patients with hepatic or splenic involvement. except by 
extension of contiguous disease, were excluded from 
this study. 

In accordance with the nomenclature before Rappa- 
port by which most of these lesions were classified. the 
histologic diagnoses of lymphocytic lymphoma, giant 
follicular lymphoma, lymphosarcoma, reticulum cell 
sarcoma. and Hodgkin's disease were used. The 
presence or absence of nodulation was an inconsistently 
reported characteristic and therefore further subclas- 
sification into nodular or diffuse lesions was not 
possible. 


Results 


The 112 primary gastrointestinal lymphomas were 
composed of 67 (60%) gastric, 24 (22%) small intestine. 
and 18 (15%) colorectal tumors. In addition there were 
three lesions of the appendix (3%). 

Patients ranged in age from four to 89 years with a 
mean of 56 years. Seventy-five per cent of the patients 
were over 50 years of age. Age did not affect the 
histologic distribution or GI tract site. There was a 
slight male predominance, 1.2:1 and a black- white 
ratio of 1.0:2.3. 

As seen in Table 1, only 2.7% of these lymphomas 
were entirely asymptomatic and discovered on routine 
examination. Abdominal pain, weakness. and weight 
loss were the most common complaints of 70, 30 and 
47% of patients respectively. Nausea and vomiting 
were frequent complaints of patients with gastric 
lymphoma but not of patients with lesions in the small 
bowel or colon. Gastrointestinal bleeding was en- 
countered in 26 patients, 16 of whom had gastric, four of 
whom had small bowel, and six of whom had colorectal 
tumors. No patient related a history compatible with a 
malabsorption syndrome. 
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TABLE 1. Symptoms by Site 
ee ee ee 
Small 
Overall Stomach Intestine Colorectum 
(%) (%) (%) (%) 
i EE HMÍMaMMCAM LL 
Abdominal pain 70 65 79 TR 
Weight loss 47 60 29 24 
Weakness 30 37 16 16 
Nausea- Vomiting 27 33 18 11 
Bleeding 23 15 18 33 
Fever 8 6 8 16 
Constipation 8 6 16 5 
Diarrhea 4 3 8 2 
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Physical examination was unremarkable in 2766 of 
patients, In only 30% could a mass be palpated and 
there was usually some mild associated tenderness in 
the area. Hepatosplenomegaly was appreciated in only 
three patients and in these subsequent laparotomy did 
not confirm the expected organ involvement. Ascites 
was present in one patient and jaundice in another. 
Abdominal distension was more likely to be found in 
small bowel (25%) or colorectal (22%) lesions. 
Generalized abdominal tenderness with rebound 
necessitating emergent surgical exploration occurred in 
five patients with perforated lymphoma: one gastric, 
two small bowel, and two colonic tumors. 

Preoperative laboratory evaluation was unremark- 
able except for mild anemia, the hematocrit being less 
than 35 in 40% of patients. White blood cell count and 
differential were normal except in those patients 
presenting with severe dehydration or peritonitis. Liver 
function tests were infrequently requested and were 
usually normal except for a low serum protein. 
Malabsorption studies were not done. 

The most profitable roentgenologic examination was 
the UGI series which was abnormal in 55 of the 56 
patients with gastric lymphoma in which it was 
performed. Four of six small intestinal tumors were 
demonstrated by an upper gastrointestinal study with 
small bowel follow through. Barium enema disclosed 
the tumor in ten of 12 patients so studied with colorectal 
lesions. Liver spleen scans were of no diagnostic value, 
being abnormal in 5 of 26 (20%) in whom this modality 
was used: all were subsequently shown to have normal 
livers at celiotomy. Gallium scans were abnormal in 4 of 
9 patients so studied. Gastroscopy visualized the 
lymphoma in 23 of 25 patients with gastroduodenal 
lesions. 

Eighty-seven per cent of the patients were explored 
with 55 (58%) of these undergoing resection for cure 
and 31 (32%) receiving a palliative procedure. The 
remainder underwent laparotomy with biopsy only. 
The diagnosis of lymphoma was made at autopsy in 
nine patients. The percentage of tumors amenable to 


CONTREARY, NANCE AND BECKER 


Ann. Surg. e May 1980 


curative resection was independent of site of origin, 
being 58, 50, and 49% in gastric, small bowel. and 
colorectal lesions respectively. Resection with primary 
anastomosis was most commonly accomplished (97%). 
Resection with enterostomy and simple bypass were 
each performed in one patient. Operative mortality. 
defined as death within thirty days of surgery, was 9%. 

Secondary nonlymphomatous malignancies were 
present in four patients, two of whom had synchronous 
colonic adenocarcinoma which proved fatal. A third 
patient died two and a half years after curative resection 
of a left colon lymphoma with metastatic pancreatic 
adenocarcinoma. The fourth patient died 16 years after 
curative resection of a gastric reticulum cell sarcoma of 
an intracerebral malignancy. 

Ninety-eight of the 112 lymphomas were single 
tumors, eight were multiple, and 6 diffuse (all stomach). 
The multiple tumors occurred more often in the 
stomach (4) than in the small bowel (3). In one patient 
tumors occurred simultaneously in the jejunum and 
colon. Tumors formed the lead point for intussusception 
of three small bowel lesions and one cecal lesion. Nine 
patients had perforated lesions, four gastric, four small 
bowel. and one colonic. Obstruction was the presenting 
finding in 13 patients with four gastric, seven small 
bowel, and three colonic tumors. 

Tumors were subdivided into three classes for stag- 
ing purposes as follows: Class I: Lymphoma confined 
to the bowel without extraintestinal involvement (no 
spread); Class I: Mesenteric nodes only (local 
spread), and Class III: Para-aortic node involvement 
or extension by contiguity to adjacent viscera (regional 
spread). Table 2 outlines the findings at surgery. 
Overall, 50% of all lymphomas were Class III indicating 
surgically incurable disease although many remained 
potentially curable with postoperative radiation ther- 
apy. It is noteworthy that almost one-half of gastric 
tumors were Class I (no evidence of spread) at 
diagnosis. Colorectal lesions were most likely to 
present at an advanced stage with 66% being Class III at 
laparotomy. Table 3 illustrates the histologic breakdown 
of the tumors. Only two cases of Hodgkin’s lymphoma 
were found in this review (one gastric and one ileal). A 


TABLE 2. Extent of Spread 





Small 
Overall Stomach Bowel Colon 
(9€) (9€) (0€) (9t) 

No spread 

(Class I) 37 47 26 22 
Local spread 

(Class II) 13 8 26 12 
Regional spread 

(Class IHI) 50 45 48 66 
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single case of gastric plasmacytoma with 30-year 
postoperative survival is reported. Two cases of giant 
follicular lymphoma were identified (one ileal and one 
appendiceal). Lymphocytic lymphoma and reticulum 
cell sarcoma occurred with almost equal frequency, 
38% and 37% respectively overall; but the latter 
comprised 50% of all gastric lesions. On the other hand. 
reticulum cell sarcomas were infrequent in the colon, 
comprising only 18% of the colorectal lesions. 
Lymphosarcoma, which appeared infrequently in the 
stomach, was responsible for 44% of colorectal tumors. 
Small bowel lymphomas were fairly evenly divided 
among the three categories with reticulum cell sarcoma 
accounting for two of four jejunal lesions and four of 
eighteen ileal lesions as well as the single duodenal 
tumor. In no case was a composite lymphoma reported 
and no patient was noted to have disease with site- 
variable histology. Distribution of tumors within the 
gastrointestinal tract was as follows: Stomach — 17 
fundus, 48 antrum, and two combined tumors: Small 
intestine—one duodenum, 4 jejunum, 18 ileum, and 
one case with tumors in both the jejunum and the ileum: 
Colon— 11 cecum, one ascending colon, one transverse 
colon, two descending colon, three rectum, and three 
appendix. 

Postoperative treatment varied greatly as would be 
expected in a multicentered study. Early medical 
records were incomplete in many instances such that 
some patients were noted to have received chemother- 
apy or radiotherapy but the particulars of drug type or 
radiation dose were unavailable for critical review. 
Overall, 36% of patients received postoperative 
radiotherapy to involved areas, 15% received chemo- 
therapeutic agents (usually MOPP), and 11% were 
treated by combined chemotherapy and radiation. 

Follow-up data are available on all but four of the 112 
patients in this study. Average and five-year survivals 
are listed in Table 4. As illustrated the overall five-year 
survival of all GI lymphomas subjected to surgical 
intervention was 38%. Gastric lymphoma had a slightly 
better prognosis (42% five-year survival) than either 
small bowel (27%) or colon (37%). When comparing 
curative versus palliative procedures, significant 


TABLE 3. Histology 








Over- Small Colo- 

all Stomach Intestine rectum 
(%) (%) (%) (%) 
Lymphocytic lymphoma 32 32 40 30 
Lymphosarcoma 24 16 30 45 
Reticulum cell sarcoma 40 50 22 20 
Hodgkin’s disease Z F4 4 — 

Giant follicular 

lymphoma 2 — 4 5 
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TABLE 4. Postoperative Survival 
l———^^^«^—€—^——»—»—»—————»——————— —— "NON 


Surgical Survival 
Survival (curative (palliative 
(Total) resections) resections) 
Average — Average — Average — 
5 year 5 year 5 year 


——————————————————————————————————————————— 


Overall 49 months (38) 85 months (64) 21 months (17) 
Stomach 26 months (42) 98 months (62) 35 months (23) 
Small 

Intestine 36 months (27) 84 months (62) 8 months (0) 


Colorectum* 53 months (37) 103 months (50) 9 months (0) 





* Including Appendix. 
Numbers in parentheses indicate per cent. 


differences were noted with an overall 64% five year 
survival for curative resections while the results of 
palliative resections were dismal (23%, 0%, and 0% for 
stomach, small bowel, and large intestine respectively). 
Curative resection of appendiceal lymphoma yielded 
good results. 

When data were collated according to extent of dis- 
ease, survival worsened in relation to tumor spread. 
Overall five-year figures were once again better for 
gastric lesions. A marked increase in mortality was 
evident when the disease had progressed from local 
(Class II) nodal involvement to regional (Class III) 
spread (72 versus 23%, respectively). This relationship 
proved true for tumors in all sites (Table 5). 

Survival data were also examined to determine if 
there was any effect of postoperative irradiation or 
chemotherapy. Although no statistically significant 
figures are obtainable, nevertheless, there appears to 
have been some benefit of radiation therapy, especially 
for gastric lesions where involved nodes and residual 
tumor were likely to be included in irradiated fields. In 
examining curative resections only, it was found that 
postoperative radiation therapy yielded 80 and 83% 
five-year survival in gastric and small bowel lesions 
respectively as compared to five-year figures of 44 and 
16% without postsurgical radiation treatment (Table 6). 
No statement can be made regarding chemotherapy 
since the total number of patients so treated was small 
and specifics of drug administration are unavailable. 


TABLE 5. Survival by Extent of Spread 





No Spread Local Regional 
(Class I) (Class II) (Class III) 
Average — Average — Average— 
5 year 5 year 5 year 
Overall 77 months (59) 108 months (72) 18 months (24) 
Stomach 89 months (60) 103 months (80) 26 months (39) 
Small 
Intestine 45 months (40) 89 months (75) 14 months (12) 


Colorectum* 50 months (50) 36 months (50) 11 months (12) 





* [ncluding Appendix. 
Numbers in parentheses indicate per cent. 
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TABLE 6. Survival by Adjuvant Therapy 


L mammam 


No Treatment (26 pts) 
Average — 5 year 


Radiation (40 pts) 
Average— 5 year 


Chemotherapy (18 pts) 
Average— 5 year 


26 months (30) 
32 months (35) 
50 months (44) (9 patients) 
32 months (22 
45 months (16) 


Overall 

Stomach 
(curative) only 

Small and Large Intestine 
(curative) only 


30 months (33) 
43 months (33) 


95 months (50) 
105 months (60) 
130 months (78) (14 patients) 
73 months (37) 
140 months (83) 


24 months (33) 


oo 


Numbers in parentheses indicate per cent. 


Survival of patients receiving chemotherapy was no 
better than those receiving no postoperative treatment 
at all. Table 7 reveals the survival data for the 
lymphomas by histologic type. In general, lymphocytic 
lymphoma had the best prognosis (56% survival at five 
years) and lymphosarcoma the worst (25%), except in 
the large intestine where lymphosarcoma was associ- 
ated with the longest survivals. Patients who had 
reticulum cell sarcoma had a moderately favorable 
prognosis for gastric and small bowel lesions (40% at 
five years) but had poorer results if colorectal disease 
(25% five-year survival) was present. Combining the 
figures for lymphosarcoma and lymphocytic lymphoma 
allows comparison between reticulum cell sarcoma 
(histiocytic or large cell lymphoma) and lymphocytic 
lymphoma (small cell lymphoma). Average and five- 
year survivals are comparable in all sites. Recurrence 
rates were computed for all curative resections prior to 
1975. Table 7 shows that recurrences were similar in all 
sites (i.e., approximately 25% at five years for curative 
resections). 


Discussion 


Whereas gastrointestinal involvement is common in 
the terminal stages of malignant lymphoma, primary 
gastrointestinal lymphoma is much less frequently 
encountered, variously reported as representing l- 
2.2% of all GI tumors,*'?:? with gastric lymphomas 


TABLE 7. Survival by Histologic Type 








Lympho- Reticulum Cell 
Lymphoma sarcoma Sarcoma 
Average — Average — Average — 
5 year 5 year 5 year 
Overall 101 months (56) 42 months (25) 45 months (35) 
63 months (36) 
Stomach 115 months (67) 24 months (18) 50 months (40) 
65 months (40) 
Small 89 months (50) 22 months (14) 20 months (40) 
Intestine 53 months (30) 


25 months (16) 87 months (40) 
86 months (36) 


Colorectum 41 months (25) 





Numbers in parentheses indicate per cent. 


representing 50-60% of the total." The earlier 
published reports presented a rather pessimistic 
evaluation and five-year survivors were scarce. How- 
ever in the last 4-20 years, several series!4:7:10-11-14-19.20 
have been published which demonstrate a more 
favorable outcome. It would appear that primary 
gastrointestinal lymphoma offers as good as, or better, 
prognosis than adenocarcinoma. 

This study corroborates the recent literature in most 
respects."'? Gastric lymphoma represents about two- 
thirds of all gastrointestinal lymphoma with small and 
large intestine almost equally dividing the remainder. 
Symptoms were nonspecific but complaints of vague 
abdominal pain and weight loss or fatigue should alert 
the physician to the possibility of malignancy. Physical 
examination revealed a mass in less than one third of 
patients and routine laboratory studies are usually 
normal. If the tumor is demonstrated preoperatively it 
will be mainly endoscopic or contrast roentgenologic 
means. Grossly the disease presented as a single tumor 
in most instances, but multiple lesions were found in 
8%. The lymphomas may present acutely with 
perforation (9%), obstruction (13%), on intussuscep- 
tion (4%). 

For purposes of this report cases were divided into 
three classes representing degree of tumor spread: 
Class I—no nodal disease or extension; Class 
II— mesenteric nodes only, and Class III — regional 
nodes or extension to adjacent viscera. Tumors were 
further classified according to histologic type into three 
main categories: lymphocytic lymphoma, lymphosar- 
coma, and reticulum cell sarcoma. In addition there 
were two cases of Hodgkin's disease and two cases of 
giant follicular lymphoma. These terms have since been 
replaced in most centers by the Rappaport groupings 


TABLE 8. Recurrence after Curative Resection 


Number Number of Per Cent 
Site of Cases Recurrence Recurrence 
Stomach 28 7 25 
Small Bowel 8 2 25 
Colon 5 l 20 
Appendix 3 l 33 
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but are used here to avoid misrepresentation of our 
cases since pathologic review was not a part of this 
study. It may be argued that lymphocytic lymphoma 
and lymphosarcoma are somewhat overlapping cate- 
gories and the distinction made in this retrospective 
review may be arbitrary. 

Analysis of our survival figures reveals a reasonably 
good prognosis for primary gastrointestinal lymphoma. 
As would be expected, mortality at five years increases 
in relation to extent of tumor spread with overall 
survival for Class I lesions at 59% and for Class III 
lesions at 24%. Two-thirds of our cases had nodal 
involvement at laparotomy and this agrees with other 
published reports.?^^?* Although some authors! 3-15 
report no difference in five year survival for the various 
histologic categories, we, as have others, *" demon- 
strated a slightly greater mortality for reticulum cell 
sarcoma that for the lymphocytic lymphoma. Lympho- 
sarcoma, on the other hand, which in most series 
carries a prognosis similar to lymphocytic lymphoma, 
had a distinctly poorer five-year survival in all sites 
except the colon. 

Overall five-year survival following curative re- 
sections was about 60% regardless of site of origin. 
Palliative resections yielded only a 17% survival overall 
with gastric lesions showing a slightly better 23% five- 
year statistic. Small bowel tumors carry a higher 
mortality than either colon or stomach, and this is 
probably related to the difficulty in diagnosis and late 
presentation of disease. 

No statistically significant evaluation of postoperative 
radiotherapy or chemotherapy can be made. However 


we did note an overall five-year survival of 80% in 


curative resections followed by adjuvant radiotherapy. 
We therefore agree with most authors? 5-1?-15-17.15 that 
radiotherapy is invaluable in the total management of 
these tumors. 
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DISCUSSION 


DR. WILLIAM H. REMINE (Rochester, Minnesota): In the recent 
past, I have had the opportunity to review our experience with 
malignant lymphoma, particularly of the stomach. For the sake of 
comparison, I think it would be practical to present our results. 

Two hundred-seventy cases of primary noncarcinomatous malig- 
nant lesions of the stomach were reviewed. Two hundred-eighteen 
patients were diagnosed as having malignant lymphoma, manifested 
clinically by epigastric pain, anorexia, and loss of weight. Anemia 
and achlorhydria were common, and barium meal X-ray examination 
usually was thought to demonstrate carcinoma. Fifty-two patients 
were diagnosed as having leiomyosarcoma, manifested clinically 
by severe persistent bleeding and an abdominal mass. Anemia and 
achlorhydria were again common, and the roentgenogram usually 


. was thought to show a benign lesion. 


All patients underwent laparotomy, and biopsy proof of the diag- 
nosis was obtained. The lymphosarcomatous lesions were su rgically 
resected when possible, and later the patients were given a course 


of radiotherapy. The crude five-year survival rate was 50%. and the 
ten-year survival rate was 32%. For those patients surgically treated 
with reasonable hope of cure, the five- and ten-year survival rates 
were 64 and 44%, respectively, Leiomyosarcoma was resected 
more "locally" and did not require irradiation. The crude five- and 
ten-year survival rates were 50 and 45%, respectively. If only those 
patients undergoing resection with hope of cure were included. the 
five- and ten-year survival rates were 62 and 45%. 


DR. Davip B. SKINNER (Chicago, Illinois): The fact that 
Dr. Becker's has a 50to 60% cure rate in this difficult group of patients 
should lead us all to reconsider the primary role of surgery for this 
disease. 

In many areas now lymphoma is thought to be principally a disease 
to be treated by radiation therapy and chemotherapy. These 
modalities, however, can also cause mischief that involves surgical 
treatment, and I would like to briefly related one case to you which 
illustrates this point. 

(slide) This is a 70-year-old woman who had a reticulum cell sar- 
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coma of the proximal stomach and cardia, and presented to me with 
dysphagia. After she had had 4500 rads of radiation therapy to the 
primary lesion, a barium swallow showed a perforation of the gastro- 
esophageal junction with a chronic abscess cavity at this point. Be- 
cause of complete esophageal obstruction, and not knowing how 
else to treat this, I proceeded to perform a block resection of the 
lower esophagus, proximal stomach, and mediastinal tissues, with 
complete extirpation of the abscess cavity. She, fortunately, 
recovered from this, and was placed on a course of chemotherapy. 

In six months she was referred back to me with a solitary pul- 
monary lesion. We thought this might possibly be a solitary flare-up 
of her disease, and proceeded with a resection of the nodule. This 
proved to be a cryptococcosis infection, complicating her chemo- 
therapy. She again recovered from this pulmonary resection, but 
several months later she died of a disseminated fungal infection. 

In this one case we have an illustration of the effects of radiation 
therapy on the full-thickness lymphoma, giving rise to destruction 
of the tumor, but perforation of the viscus, followed by chemotherapy 
with a lethal complication. 

This, again, emphasizes Dr. Becker's point that surgery does have 
arole primarily in these lesions. Chemotherapy and radiation therapy 
are certainly parts of the treatment picture, but should be used 
selectively. 

I would like to ask Dr. Becker, with such a large series. whether 
some of his patients did not have preoperative radiation or chemo- 
therapy, and whether that changed in any way the operative 
management? 


Dr. RoBERT M. MirEs (Memphis, Tennessee): On receiving the 
program, we hurriedly put this in the computer to see what our 
experience had been with lymphomas of the gastrointestinal tract. 
Last year we reported on small bowel tumors only. We didn't have 
enough time to review our whole experience, but from 1972 to 1979 
at the Baptist Hospital in Memphis we saw 38 lymphomas of the 
gastrointestinal tract, and we were amazed at the similarity, not 
only in incidence but in results, when compared with Dr. Becker's 
series. 

In ours, 73% were from the stomach, and in Dr. Becker s, 58%. 
The small bowel incidence was exactly the same, 21% in each series. 
In the colon, however, Dr. Becker's series revealed 20% occur- 
rence, while in ours only two of 38 cases, 5%, occurred in this area. 

At this time of diagnosis, 58% of our patients had lymphatic spread. 
The five-year survival rate for the whole series was 30%, with six of 
the 38 patients living more than five years. As far as therapy went, 
five had surgery only. I think that Dr. Becker and Dr. ReMine are 
probably right in recommending postoperative radiation, even if they 
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are thought to have been cured by surgery. However, that has not 
been my practice. I sort of like to keep an ace in the hole, and 
withhold radiation for future eventualities. 


DR. EDWARD T. KREMENTZ (New Orleans, Louisiana): I want 
to report on one case that might have slipped through the net that 
Dr. Becker cast over New Orleans—a case of Burkitt's lymphoma 
involving the gut. This was a young man of 14 who we treated about 
three years ago and who had diffuse lymphomatous disease in- 
volving spleen, kidney, and multiple areas in the gut. At laparotomy, 
biopsies were taken and one small bowel bypass was performed. 
The patient was treated with periodic courses of cytoxan, adriamy- 
cin, oncovin and prednisone, B.C.G. and intrathecal methatrexate 
over a period of one year. He remains free of disease at present 
three and a half years following diagnosis. 

The point that I'd like to emphasize, that this disease—a rare 
lymphoma— usually appears in the head and neck or the abdominal 
cavity in children—is being seen occasionally in the southern U.S.A. 
| believe there have been two or three other cases in our area, and 
I wondered if Dr. Becker has any experience with similar cases 
in his series. 


Dr. KELVIN CONTREARY (Closing discussion): Dr. ReMine, your 
question as to the advisability of radiation therapy in the absence 
of gross disease—we feel that if the resection is curative, in that 
there is no evidence of gross or microscopic disease following 
surgical excision, the surgery itself probably suffices, and radiation 
may not be necessary. However, we do strongly agree with you 
that if there is any evidence whatsoever of residual tumor, either 
gross or microscopic, radiation therapy is very necessary in this 
disease. 

Our data show that, with an overall survival of 38% for all 
lymphomas, and a curative resection five-year survival of 64%, the 
addition of radiotherapy to curative resection increases the five-year 
survival to upwards of 80%, and therefore we would add this 
modality. 

Dr. Skinner, we agree with you that surgery is the primary treat- 
ment modality for gastrointestinal lymphoma, and none of our pa- 
tients received preoperative chemotherapy or radiotherapy. All 
of the perforations were spontaneous. 

Dr. Miles, thank you for your comments. 

Dr. Krementz, we have no patients with Burkitt's lymphoma in 
this series, and the one you mentioned would have been excluded 
because of his liver and spleen involvement; we wouldn't be sure 
that his was a gastrointestinal primary. 


The Value of Serial Plasma Levels of Carcinoembryonic 
Antigen and Gross Cyst Disease Fluid Protein in Patients 
with Breast Carcinoma and Osseous Metastases 


DARROW E. HAAGENSEN, JR., M.D., PHD.,* WILLIAM F. BARRY, JR., M.D.,t THOMAS A. MCCOOK, M.D.,t 
JAN GIANNOLA, R.N.,* SHERRE AMMIRATA, R.N.,* SAMUEL A. WELLS, JR., M.D.* 


Serial plasma levels of the glycoprotein tumor markers 
carcinoembryonic antigen (CEA) and gross cyst disease fluid 
protein (GCDFP) were evaluated in 83 patients undergoing 
treatment for predominant osseous metastases from breast 
carcinoma. Abnormal plasma levels of CEA (>10 ng/ml) and/or 
GCDFP (>150 ng/ml) were observed in 53 (63.8%) subjects. 
Fifty-six courses of hormonal and chemical therapy were 
evaluated. Clinical response to therapy correlated positively 
with alterations in serial plasma levels of CEA and/or GCDFP. 
Increasing plasma levels of tumor markers were associated with 
clinical disease progression whereas decreasing plasma levels 
were associated with and generally preceded clinical disease 
remission. Of patients with metastatic carcinoma of the breast, 
responses to therapy are most difficult to evaluate in those with 
bone metastases. Serial determinations of plasma levels of CEA 
and/or GCDFP provide an objective indication of disease 
progression and regression and appear to be useful with skeletal 
x-rays and bone scans in evaluating patients with carcinoma of 
the breast. 


N PATIENTS WITH breast carcinoma metastatic to soft 
I tissue, parenchymal lung, liver or brain, therapeutic 
response is relatively easily determined by documenting 
changes in tumor deposit size. By contrast, osseous 
metastases are more difficult to assess. Abnormal 
tracer accumulation on bone scan is not specific for 
malignant disease and even if metastatic foci are 
evident by conventional skeletal x-rays, response to 
treatment is often apparent only after long periods of 
observation. In such patients whose metastatic disease 
is difficult to evaluate, it would be useful to have other 
objective methods of defining disease progression or 
regression soon after the initiation of hormonal or 
chemical therapy. 

Several tumor markers have been reported by 
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various investigators! * to be present in the plasma of 
patients with metastatic carcinoma of the breast. 
Carcinoembryonic antigen (CEA) has been the most 
widely used marker, however, elevated plasma CEA 
levels have been reported not only with malignancies of 
tissue other than breast, but also with various infectious 
and metabolic diseases.” ^ 

In 1977 a new plasma marker for breast carcinoma 
was described.” This substance is a glycoprotein which 
has been purified from human breast gross cyst disease 
fluid.'" The protein has a monomer molecular size of 
15,000 daltons and has been termed gross cyst disease 
fluid protein-15 (GCDFP-15). A radioimmunoassay has 
been developed for this protein and a large number of 
subjects evaluated.''? Normal women were found to 
have plasma levels below 100 ng/ml (range: 7-81 ng/ml); 
mean: 31 ng/ml; however, 40-50% of patients with 
metastatic carcinoma of the breast had elevated (> 150 
ng/ml) plasma levels of this marker. Comparative 
studies evaluating plasma levels of CEA and GCDFP- 
I5 as markers for human breast carcinoma have been 
reported. Approximately 27% of patients with 
metastatic carcinoma of the breast and soft tissue 
metastases have elevated plasma CEA and GCDFP-15 
levels, whereas 54% of those with visceral metastases 
and 61% of those with osseous metastases have 
elevated levels. Because a relatively high proportion of 
patients with skeletal metastases from breast carcinoma 
develop elevated plasma levels of CEA and GCDFP 
and because disease progression and regression are 
difficult to evaluate, we sought to compare changes in 
plasma marker levels during the administration of 
hormonal or chemical therapy with the clinical and 
skeletal x-ray evaluation of these patients. 
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TABLE I. Criteria of X-ray Evaluation 


Progression 
The change from a normal bone pattern to a lytic bone pattern 
in any given area. 
The increase in size of a lytic bone pattern in any area. 
The increase in number of lytic defects in any given area. 
The change from a blastic to a lytic bone pattern. 


Regression 

The change from a normal bone pattern to a blastic bone pattern 
in any given area. This is felt to represent an area of active tumor 
cells which is not large enough to be seen on the initial 
radiograph which responds to treatment and develops a blastic 
bone pattern. 

Increased size of a blastic area within bone. 

Increasing number of blastic areas within bone. 

The development of a sharply demarcated margin at the edge 
of the lytic lesion. Most often this occurs with a thin blastic 
or sclerotic rim. This finding alone is a borderline change. 
However, it seems to be areal finding and most often the thin rim 
will become thicker on the next study. This type of change has 
also been seen in patients who are also converting lytic lesions 
to blastic lesions in other areas. The increased resolution of 
the edge of a lytic lesion has been seen most often in the skull. 

Bony regeneration of a previous lytic area. When relatively 
frequent followup studies are available, 1 to 2 month intervals, 
this type of lesion tends to go on to produce a blastic 
bone pattern. 

The presence of a "^ mixed blastic and lytic’ pattern in a bony area 
probably implies tumor coming under control of hormone 
manipulation. However, this can only be a valid conclusion 
when previous studies are available and show only a dominant 
lytic pattern. 


One other type of pattern has also become apparent. In a patient 
who had developed blastic lesions, these areas begin to regress until 
the bone has a normal trabecular pattern. There have been three such 
patients. Two of the three have subsequently developed lytic areas 
while one patient has had a normal bone pattern. The charge from 
blastic to normal must at present be considered stable or indefinite. 


Materials and Methods 


Eighty-four patients with breast carcinoma metastatic 
predominantly to bone were evaluated at the Duke 
University Medical Center Surgical Breast Clinic. Fifty- 
three (61%) were found to have elevated plasma levels 
of either CEA (>10 ng/ml) or GCDFP (7150 ng/ml) or 
both markers. After excluding patients who received 
therapy for less than one month or those who did not 
have bone x-rays performed during the four months 
after initiation of therapy, 30 patients were available for 
study. Nineteen regimens of chemical therapy. 34 
regimens of hormonal therapy, and three regimens of 
mixed chemical and hormonal therapy were evaluated. 
Patients were seen at weekly or bi-weekly intervals 
during the early stages of treatment and those who 
demonstrated clinical disease regression or stabiliza- 
tion were generally followed at monthly intervals. 
Response to therapy was defined as either regression, 
stabilization, or progression. In patients evaluated 
clinically with no evidence of extraskeletal metastatic 
involvement, response was primarily based on sub- 


HAAGENSEN AND OTHERS 


Ann. Surg. e May 1980 


jective changes in bone pain and performance status. A 
time frame of four months from initiation of therapy 
was used to determine response status. Decisions to 
change therapy were based on clinical and radiographic 
evidence of disease and not on increases or decreases in 
plasma marker levels. 

Skeletal x-ray evaluation was performed by two of 
the authors (WFB and TAM). All x-rays on a given 
patient were reviewed by one radiologist at a single 
sitting without knowledge of either the patient sclinical 
status or plasma marker status. Criteria for x-ray 
interpretation are presented in Table 1. The x-ray 
findings were also interpreted as regression, stability or 
progression. For clinical purposes, the x-rays were 
actually read at the time they were obtained, however, 
the second reading by a single radiologist viewing the 
serial x-rays over a patient's entire treatment course 
was done to more clearly define the radiologic evidence 
of response. 

The CEA and GCDFP-15 plasma marker determina- 
tions were performed at each clinic visit for all patients. 
The CEA plasma levels were measured with the CEA- 
Roche radioimmunoassay." The GCDFP-15 plasma 
levels were also measured by radioimmunoassay.'^ '* 
Blood samples (K3EDTA) were obtained prior to the 
patients physical exam and specific therapy. The 
plasma was separated within three hours and frozen at 
—70 C until analysis. A significant increase in either the 
plasma level of CEA or GCDFP-1I5 was defined 
arbitrarily as a doubling of the value obtained prior to 
initiation of therapy. Similarly, a significant decrease in 
plasma marker level was defined as a halving of the 
pretreatment value. Numericaly this meant that a 
significant increase represented a 100% increase over 
the pretreatment value, whereas a significant decrease 
represented a 50% decrease below the pretreatment 


TABLE 2. Comparison of Clinical Evaluation of Disease Status with 
Serial Skeletal X-ray and Plasma Marker Profile Evaluation 





Clinical Skeletal X-ray Plasma Marker 
Evaluation Evaluation Profile Evaluation 
Regression (17) R 10 i R 10 o 
S 3 76% S s 88% 
P 4 P 2 
Stable (25) R 9 oz R 6 syo 
S 6 60% S 7 52% 
P 10 FE 1 
Progression (14) R 0 R ] 
$ 3 S. 2 
P 9 64% PH 79% 
56 
R = Regression. 
S = Stable. 
P = Progression. 
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value. The time during which plasma levels of CEA or 
.GCDFP were evaluated was four months from 
— initiation of therapy. The plasma marker level 
alteration within this time frame had to be a serial trend 
for the designation of disease progression or regression. 
Minimal alteration was interpreted as marker stability. 


Results 
Clinical Regression 


There were 17 courses of chemical or hormonal 
therapy which induced clinical disease regression 
(Table 2). Eight of the courses were with chemical 
therapy and nine with hormonal therapy. The inter- 
pretation of changes in skeletal x-rays and plasma 
levels of tumor markers were compared with clinical 
evidence of disease remission. Patients who had x-ray 
4 or plasma marker evidence of disease regression or 
stabilization were characterized as being compatible 
with clinical regression. X-ray or marker evidence of 
disease progression, was obviously interpreted as being 
incompatible with clinical regression. Of the 17 courses 
of therapy, 13 (76%) had associated x-ray findings of 
disease regression or stabilization. Fifteen (88%) of the 
17 courses of therapy were associated with plasma 
marker evidence of disease regression or stabilization. 


Clinically Stable Disease 


Twenty-five courses of chemical or hormonal 
therapy were associated with clinical evidence of 
disease stability (Table 2). Only a small proportion of 
therapeutic courses demonstrated x-ray (6; 24%) or 
_ plasma marker (7; 28%) evidence of disease stabiliza- 

tion. Ten (40%) therapeutic courses were associated 
with x-ray evidence and 12 (48%) with plasma marker 
evidence of disease progression. 


Clinical Progression 


There were 14 courses of chemical (2) and hormonal 
(12) therapy associated with clinical evidence of disease 


TABLE 3. Skeletal X-ray versus Clinical Evaluation of Disease Status 
apie nee a serait coca acca acca cd, ae 
Skeletal X-ray Evaluation Clinical Evaluation 


hl gle Silt i a a ea ee 
Regression (19) R 10 


CZ 
S 9 100% 
P 0 
Stable (14) R 3 of 
S 6 64% 
P 5 
Progression (23) R 4 
S 10 
P 9 39% 
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TABLE 4. Plasma Marker Profile versus Clinical Evaluation 
of Disease Status 


Plasma Marker 


Profile Evaluation Clinical Evaluation 


Regression (17) R 10 94% 

5.6 

P 1] 
Stable (14) R 5 86% 

S 7 

P 2 
Progression (25) R 2 

S 12 

P 11 44% 





progression. Eleven (79%) of these 14 courses of 
therapy were associated with plasma marker evidence 
of progression while nine (64%) had skeletal x-ray 
evidence of disease progression. Skeletal x-rays were 
interpreted as stable in five (36%) patients. In two 
patients plasma markers were stable and in one, the 
marker levels significantly decreased. This single pa- 
tient also had a stable x-ray evaluation and clinical pro- 
gression was based solely on an increase in back pain. 


X-ray and Plasma Markers as Primary Response 
Criteria 


When skeletal x-rays were used as the primary 
criterion of patient response and compared to the 
clinical status (Table 3), it became apparent that a very 
favorable correlation (100%) existed between x-ray 
evidence of regression and clinical evidence of 
regression or stabilization. In contrast, however, of the 
23 therapy courses defined as progression by x-ray, 
only nine (39%) were thought to be associated with 
disease progression clinically. In ten (42%) of the 23 
therapy courses, the patients were considered clinically 
stable when x-ray evidence of disease progression was 
present. Of the 14 therapy courses where x-rays demon- 
strated stable disease, five (36%) were considered as 
clinical progression. 

When plasma marker level profiles were used as the 
primary criteria of patient response and compared to 
clinical evaluation (Table 4) similar results to x-ray 
evaluation were obtained. For the 17 therapy courses 
with marker profiles indicating regression, 16 (94%) 
were thought to demonstrate disease regression or 
stabilization clinically. A similar favorable correlation 
existed for the 14 therapy courses with stable marker 
profiles, where 12 (86%) were considered to have 
clinical evidence of stabilization. In contrast. of the 25 
therapeutic courses where marker levels indicated 
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TABLE 5. Time of Definitive Change 


Category Plasma Marker Skeletal X-ray 
of Stratification Evaluation Evaluation 
Regression 1.32 mo. 2.7 mo. 
Progression 2.0 mo. 2.] mo. 


disease progression, only 11 (44%) had clinical 


evidence of disease progression. 


Time of Definitive Change in Skeletal X-rays or 
Plasma Markers 


The time from initiation of hormonal or chemical 
therapy to the point in time at which a significant change 
in plasma marker levels or skeletal x-rays was evident 
was evaluated. Considering those courses of therapy 
which were associated with disease regression, 
decreases in plasma markers were detected in an 
average of 1.32 months, whereas evidence of regression 
by skeletal x-rays was not demonstrated until 2.7 
months. Of the course of therapy associated with 
disease progression, changes in plasma marker levels 
were demonstrated in an average time of two months 
and skeletal x-rays in an average time of 2.1 months 
(Table 5). 


Discussion 


The successful management of patients with meta- 
static carcinoma of the breast is in part dependent on 
the capability of detecting disease progression and 
regression. In patients with bone metastases, therapeu- 
tic response is most difficult to evaluate. Generally, 
healing of lytic metastases is easier to assess than 
healing of blastic lesions. Bone scans are especially 
difficult to evaluate during the course of therapy since 
an increase in the size of a given lesion may indicate 
bone healing rather than destruction. The accurate 
documentation of disease status is important since 
progressing skeletal metastases may result in fracture 
or hypercalcemia. The availability of "tumor markers" 
which would accurately reflect the success or failure of 
therapy for metastatic disease would be of significant 
use to clinicians. 

In the present study an attempt was made to 
determine the alteration in plasma levels of two 
markers, CEA and GCDFP-15 and to correlate these 
markers with the clinical and x-ray evidence of 
response to therapy. Fifty-six therapeutic courses were 
evaluated in patients with osseous metastases and 
elevated plasma levels of one or both markers. It was 
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demonstrated that clinical evidence of disease pro- 
gression or regression was as accurately or better 
defined by changes in plasma levels of tumor markers as 
by changes in skeletal x-rays. Decreases in plasma 
marker levels indicative of disease regression occurred 
on an average of 1.3 months after initiation of therapy, 
whereas skeletal x-ray changes were not usually 
evident until 2.7 months after therapy. Increases in 
plasma marker levels and progression on skeletal x- 
rays appeared similarly at two months after the 
initiation of therapy, however, changes occurred prior 
to clinical evidence of disease progression. In patients 
with metastases where interpretation of skeletal x-rays 
is difficult or nonconclusive, the use of plasma marker 
levels is of benefit in the clinical evaluation. The 
measurement of CEA and GCDFP in plasma seems to 
offer an objective criterion in addition to skeletal x-rays 
which may be useful in determining therapeutic 
response in patients with osseous metastases from 
carcinoma of the breast. 
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DISCUSSION 


DR. LoREN J. HUMPHREY (Kansas City, Missouri): I have fol- 
lowed this work of Dr. Wells and collaborators for the last few 
years. It's fascinating work, and very difficult work. 

Two of the problems we deal with in man in assaying markers 
can be summed up with the first point; and that is monospecificity 
of reagents. The second one is the utilization of assays. 

Heterologous assays are always fraught with great worry, but 
even without monospecificity, such as CEA, one should be aware 
that many of our great clinical test systems, such as syphilis, in- 
fectious mononucleosis, and so forth — those tests have been of great 
clinical use to us as physicians. 

As you know, some four or five years ago we presented data on a 
serum antibody to a tissue antigen that is present in some 95% of 
breast carcinomas. Over the years, we have worked this out, and 
found it to be a glycoprotein of approximately 60,000 molecular 
weight. I don't know whether that is the same or a similar one to 
Dr. Wells', but in its polymeric form in tissue. 

Some data that we reported over a year ago would seem in indicate 
that there are two antigens. One is probably a Fab fragment of an 
idiotypic antibody. This, of course, is of interest, because one might 
well expect in a host/tumor interaction that there would be degrada- 
tion of host factors such as antibody, and certainly these might 
be altered to themselves become antigenic. 

The difference in our system has been that we have primarily 
studied the host response to this antigen, and have found that the 
presence of serum antibody in women with carcinoma of the breast 
predicts a good prognosis. We have not studied, as Dr. Wells, the 
presence of the glycoprotein, the antigen in the serum. We have 
seen a few patients, and I do not know the per cent of incidence, 
in which the antigen was present when they were in the later stages 
of the disease. It was present in the serum. 

My question to Dr. Wells, then, relates to the host response to this, 
and I have not heard him present such data. I am curious if he 
has been able to measure a serum antibody response to those pa- 
tients? For example, I would suspect that this protein is manifest 
in the serum if people have high volume of tumor, or large tumor 
burdens, and therefore any antibody would be absorbed out— the 
so-called sponge effect. 

On the other hand, early in the disease you may not be measuring 
this, as you so indicated in your slide, because the host reaction 
to this antigenic substance is allowing its binding, and therefore 

it's not detectable. 
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Therefore, we would like to know if you have tested the serum 
of patients early in the stage of carcinoma of the breast. And 
secondly, I'm going to have to corner him and say, '' We'd love to 
exchange materials, to see if the antibodies of some of our patients 
will react with this substance. 


DR. WARD O. GRIFFEN, JR. (Lexington, Kentucky): I wasn't 
going to discuss it, but I would like to ask one question of Dr. Wells. 

Skeletal x-rays are notoriously slow in picking up progression 
of breast cancer as a disease. I wonder if you tried to correlate your 
serum markers with bone scans, rather than skeletal x-rays, and if, 
in fact, the correlation perhaps was a little bit better. 


DR. SAMUEL A. WELLS, JR. (Closing discussion): Regarding 
Dr. Humphrey's comments, we as yet do not have a monospecific 
antibody. Obviously with the new technology for creating hy- 
bridomas, one may well be able to develop high titer antisera with 
high avidity for a specific immunogen. 

The cyst fluid protein does not appear to be immunogenic in 
man, in that patients do not create an immune response against it. 
It appears to be very much like insulin in that it is a normal secretory 
substance. We have been surprised that we were able to generate 
antisera in primates, because in their saliva there appears to be a 
substance immunologically identical to this protein. 

Regarding the prognosis, we do think that there is a correlation 
between plasma levels of gross cyst disease fluid protein and 
tumor burden. From recent studies it appears that patients who 
produce this glycoprotein and have elevated levels in plasma have 
shorter survival times and a poorer prognosis than do patients with 
metastatic disease who are nonproducers. 

Furthermore, we would be delighted to exchange materials. We 
have sent our reagents to other laboratories and other investigators 
have experienced findings similar to our own. This plasma marker 
is not elevated in all patients with carcinoma of the breast. 

Regarding Dr. Griffen's statement, we have evaluated bone scans 
as well as skeletal surveys. Part of the problem with bone scans is 
that in some patients undergoing response, the bone scans appear 
to become worse. This seems to be a manifestation of disease re- 
gression and osteoclast activity. We have been very reluctant to 
gauge therapy on the basis of bone scans because we have found 
an even greater dissociation between plasma marker levels and 
clinical response and bone scan activity. Also, bone scans are not 
specific and positive areas do not necessarily indicate metastatic 
disease. 


Diagnosis of Impaired Renal Function After Kidney 
Transplantation Using Renal Scintigraphy, Renal Plasma 
Flow and Urinary Excretion of Hippurate 


A. G. DIETHELM, M.D., E. V. DUBOVSKY, M.D., J. D. WHELCHEL, M.D., M. W. HARTLEY, PH.D., W. N. TAUXE, M.D. 


The use of ""I-orthoiodohippurate (OIH) scintigraphy 
combined with the estimated renal plasma flow (ERPF) and 
excretion index (EI) has been beneficial in separating impaired 
renal function due to graft rejection from acute tubular 
necrosis, ureteral obstruction, urinary extravasation and in 
some instances renal artery occlusion. The radionuclide data 
accurately identified acute and chronic rejection, confirmed by 
the clinical course, increase in BUN and serum creatinine and 
on occasion renal biopsy. Reversible and irreversible acute 
tubular necrosis (ATN) were clearly differentiated from acute 
rejection. When the ERPF and EI were plotted on a graph, 
multiple sequential radionuclide studies accurately predicted 
graft survival when chronic rejection existed. The limitation of 
this technique was the inability to discriminate between renal 
artery stenosis, ureteral obstruction and inflammatory disease. 
Scintigraphic studies did not distinguish between renal artery 
stenosis and chronic rejection. In these circumstances 
arteriography was the diagnostic procedure of choice. 
Although ureteral obstruction often can be correctly diagnosed 
by scintigrams, the ERPF, EI and intravenous pyelogram 
remained the most accurate diagnostic procedures. Recurrent 
glomerulonephritis, gram negative septicemia and generalized 
viral illness (herpes zoster or cytomegalovirus) simulated acute 
rejection and had to be separated by renal biopsy or the clinical 
course. The most valuable features of the radionuclide 
technique included: 1) the noninvasive method, 2) the 
simplicity, 3) the rapidity and 4) the reproducibility. 


HE IMMUNOLOGIC RESPONSE of a renal allograft to 
host antibody causing acute or chronic rejection 
was expressed most consistantly by the impairment of 
kidney function determined by clinical laboratory tests 
such as blood urea nitrogen (BUN) and serum 
creatinine. At the same time it was recognized that 
acute tubular necrosis, renal artery stenosis or 
occlusion, renal vein obstruction, segmental renal 
ischemia due to vascular occlusion, septicemia, urinary 
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obstruction or extravasation led to a change in renal 
function with an increase in BUN and serum creatinine. 
These elevated laboratory values reflected altered renal 
function. By themselves, they were suggestive but not 
diagnostic of graft rejection. 

Although multiple laboratory tests can predict 
allograft rejection, few are reproducible by different 
transplant centers. Furthermore, none is as simple and 
inexpensive as BUN and serum creatinine in spite of 
their nonspecific interpretation. 

Radionuclide analysis of renal function provides 
recognition of both the immunologic and technical 
complications which cause impaired renal function 
after transplantation.??5:19.11.15:1675 This rapid nonin- 
vasive technique has been used in this center since 
1972. The method includes sequential renal scintigrams, 
renogram, estimation of renal plasma flow and per cent 
of injected dose of ""I-Orthoiodohippurate (OIH) 
excreted in the urine. 


Clinical Materials and Methods 


Two hundred seventy-four consecutive adult pa- 
tients received 292 renal allografts (156 related living 
donors [RLD] and 136 cadaver donors [CD]) with 1439 
separate studies. Two hundred forty-five patients had 
one or more normal studies. Seventy-six patients had 
acute rejection, 20 had impending necrosis, 86 had 
chronic rejection, 34 had acute tubular rejection and 25 
had ureteral obstruction. In six patients renal artery 
stenosis occurred (Table 1). All patients received 
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azathioprine and prednisone as immunosuppressive 
therapy and almost all were treated with antithymocyte 
globulin prepared as described by Diethelm and 
colleagues! or by the product made available by 
UpJohn Company. The indications for and treatment of 
rejection are as described.! 


Technique 


The patient was placed in a supine position under a 
scintillation camera with the field of the detector placed 
anteriorly over the pelvis to include the bladder and 
transplanted kidney. To assure adequate urine flow 300 
ml of water was given by mouth 30 minutes before the 
test. Urine specific gravity was determined in order to 
monitor the degree of hydration. Administered doses of 
3 [- OTH included: 50 ugCi for 1 to 15 year old children, 
and 150 ugCi for patients over the age of 15. The Ohio 
Nuclear series 110 wide field of view scintillation 
camera was combined with its series 70 data system, 
and 100—20 Ultimat. The Informatek Simis 4 computer 
was used.’ 


Normal 
0-3 


BLADDER 


ERPF ml/min 423 
Bladder residuum mi [o] 


El .96 


Fic. 1. This 32-year-old woman received a cadaveric renal allograft with prompt function. Eighty-nine days later, 
ERPF and EI were normal. The excretion values are expressed in per cent. 
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TABLE 1. Summary of Estimated Renal Plasma Flow 
and Excretion Index 


No. 
Pa- No. ERPF 
Results tients Studies ml/min E.I. 
Normal 245 842 345 + 73 0.97 + 0.08 
Acute rejection 76 201 [82 + 58 0.56 3: 0.15 
Impending rejection 20 39 290 + 69 0.82 + 0.10 
Chronic rejection 
stable 68 160 154 + 76 1.05 + 0.08 
terminal 18 49 89 + 45 0.51 + 0.03 
Acute tubular necrosis 34 89 160 + 80 0.14 + 0.10 
Ureteral obstruction 25 59 305 + 78 0.60 + 0.11 


Data Collection and Processing 


Quantitative scintigraphic data of the kidney were 
recorded on magnetic tape in a series of 27 frames (one 
minute per frame) in 64 x 64 matrices as were pre- and 
postvoid bladder images. For selection of the kidney 
region of interest (ROI) the 27 images were displayed 
and isocontour plots were made over the frame where 
the cortex was best seen. The bladder ROI was selected 


Post-void 


Predicted excretion 68 
Actual excretion 60 


Total excretion 65 


the scintigram, renogram, 
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15-18 


24-27 


Post-void 


Predicted excretion 51 
Actual excretion 39 


Total excretion 38 


FiG. 2. A 47-year-old woman received a related living donor kidney with normal function until the forty-fifth posttransplant day, at which time 
she developed acute rejection. The above scintigram revealed delayed excretion of the radiopharmaceutical with greater than usual activity 
retained in the kidney. The flattened renogram curve reflected a prolonged transit time and both the ERPF and EI were decreased. The rejection 
episode was reversed with corticosteroids and the radionuclide studies returned to normal. 


from a composite of all 27 minute images added 
together. Any bladder/kidney overlap was corrected as 
described.’ A representative body background was 
identified by the computer as a one matrix cell wide 
band around the free kidney ROI. Activity in the back- 
ground ROI was normalized to the area of the kidney, 
subtracted and the images redisplayed along with 
sequential net counts of the kidney, the bladder and the 
background curve. 

In addition to the 27 minute kidney image, the 
computer displayed four other images taken at 0—3, 
3—6, 11—14, and 21-24 minutes color coded to maxi- 
mum intensity. The bladder images were obtained 
before and after urine collection. The preparation of the 
standards and urine and plasma specimens have been 
published elsewhere.‘ 

Calculation of ERPF. The ERPF was calculated 
from the use of a single plasma sample taken from 


peripheral venous blood 44 minutes after injection of 


OIH using the appropriate regression equation.'? This 
takes the form of a polynomial, y = a + bx X cx’, 
where y = ERPF, and x = total injected dose divided 


by the plasma concentration (counts/second/liter of 
plasma) at 44 minutes (P,,) (x = I/P,,). Constants a, b, 
and c are the coefficients —96.9, 10.9, and —0.0454 
respectively. Since ERPF varies approximately in a 
linear fashion with body surface area in nonobese 
adults, the individual ERPF value was related to the 
norm.’ The mean uncorrected ERPF in the normal 
subject with two kidneys was 525 ml/min + 36. Patients 
with one kidney and normal functioning allografts have 
an ERPF of 346 ml/min + 83. 

Calculations of predicted ‘“I-OIH excretion. The 
amount of !*'I-OIH excreted into the urine depends on 
the renal plasma flow and the time interval between 
injection and voiding. Regression equations were 
developed to predict the percentage of injected dose 
present in the urine at various times and at various 
ERPF levels. The urine values obtained at 35 minutes 
were highly discriminating and the equation based on 
that sampling time was used.* 

Calculation of actual  I-OIH excretion. The per- 
centage of the injected dose excreted in the voided 
urine was calculated by the formula: 
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urine net counts/unit time x dilution factor 
standard net counts/unit time x dilution factor 
The calculation of residual urine was performed as 
reported.‘ 

Calculation of bladder activity. The percentage of 
injected '*'I-OIH excreted by the allograft but re- 
maining in the bladder was calculated by the formula: 

percent dose in urine x ml of residual urine 
ml of urine collected 

Calculation of excretion index (EI). The index was 
defined as the ratio of excreted dose in the urine at 35 
minutes to the expected per cent dose to be excreted 
at that time. 

Final report of data collected on a posttransplant 
recipient with normal renal function was exemplified as 
follows: 

ERPF: 345 ml/min 

Expected excretion: 65.5% injected dose 

Actual Excretion: 62.6% 


Stable Chronic Rejection 
0-3 3-6 


KIDNEY 


ERPF ml/min 
Bladder residuum mi 
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Bladder: 2.5% 

Total: 65.1% 

Residual bladder urine: 5.0 ml 
Excretion index: 0.99 


Histologic Correlation 


The correlation of renal histology with the radionu- 
clide studies of renal function and anatomy was carried 
out in 21 patients undergoing open renal biopsy. The 
tissue was examined by light microscopy one to three 
days after the radionuclide study, and the data 
compared with the clinical impression of the patient's 
course. The pathologic classification was divided into 
four categories: Grade A — minimal interstitial mono- 
nuclear cell infiltration, without evidence of vascular or 
glomerular injury; Grade B— mild interstitial fibrosis, 
including vascular endothelial injury and occasional 
glomerular changes; Grade C— moderate degree of 
tubular destruction, with interstitial fibrosis and 
glomerular hyalinization, resulting in an estimated 
destruction of approximately 50% of renal parenchyma; 


15-18 24-27 


Pre-void Post-void 


Predicted excretion 31 
Actual excretion 43 


Total excretion 48 


Fic. 3. This 37-year-old man received a cadaveric kidney six years ago. During the past five years renal function remained unchanged and the 
serum creatinine and blood urea nitrogen were 2.2 mg/100 ml and 37 mg/100 ml respectively. The scintigram obtained September 1979 revealed a 
renogram curve lower than normal. The transit time through the kidney was normal. The ERPF was decreased and the EI was normal. This 
represented impaired but stable renal function and frequently was associated with a favorable long-term prognosis. 
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Predicted excretion 32 
Actual 


excretion 


Total excretion 9 


FiG. 4. This 3l-year-old man received a cadaveric kidney 11 months ago, during which time he had two episodes of acute rejection and 
progression to chronic rejection. The renogram was markedly depressed and the scintigram showed prolonged transit time through the kidney. 
The ERPF was 81 ml/min and an EI of 0.28. The blood urea nitrogen was 90 mg/100 ml and the serum creatinine was 4.8 mg/100 ml. This study 
reflected the terminal phase of chronic rejection. Six weeks later a transplant nephrectomy was performed. 


and Grade D— severe glomerular scarring, vascular 
injury and marked parenchymal fibrosis. 


Results 
Normal Renal Function 


The scintigraphic study revealed immediate pa- 
renchymal uptake of the '*'I-OIH during the first three 
minutes with ureteral excretion and radioactivity in the 
bladder at six minutes (Fig. 1). Little radioactivity 
remained in the kidney after 30 minutes and almost all 
of the radiopharmaceutical observed in the scintigram 
at this time was in the bladder. The renogram curve 
showed immediate uptake of the radiopharmaceutical 
during the first five minutes after injection followed by a 
gradual decrease during the remainder of the study 
(Fig. 1). The ERPF of 423 ml/min and the EI of 0.96 
were within normal limits. 


Acute Rejection 


During acute rejection the parenchymal uptake of "!I- 
OIH was both decreased and delayed, depending on the 
severity of the rejection process. The renogram curve 


reflected a prolonged transit time of the radiopharma- 
ceutical with diminished rate of uptake. The cortical 
activity persisted throughout the study (Fig. 2). The 
diminished ERPF of 207 ml/min and the EI of 0.75 are 
noted in Figure 2. During the early phase of acute 
rejection, there is a decrease in EI followed by a 
decrease in ERPF. The findings may accurately predict 
graft rejection before an increase in BUN and serum 
creatinine occurs. Thus, the early impairment of renal 
function characterized by delayed excretion of "'I-OIH 
and decreased EI was suggestive but not diagnostic of 
acute rejection. This situation has been called 
"impending rejection" since it preceeds the usual 
laboratory and clinical findings of acute rejection (Table 
1). On occasion, if the acute rejection is severe, a period 
of ATN may follow. Under those circumstances, 
recovery is characterized by improving EI followed 
by ERPF. 


Chronic Rejection 


Chronic rejection may be divided into two parts, 1) 
stable and 2) terminal. This separation is based on 
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clinical assessment of renal function and the magnitude 
of its decline. Patients with stable chronic rejection 
(Fig. 3) have diminished renal uptake reflected by a 
decrease in ERPF; however, the EI is normal since "'I- 
OIH transit time through the remaining functional 
nephrons is normal. The renogram curve portrays a low 
uptake of the ''I-OIH. The ERPF of 154 + 76 ml/min 
with an EI of 1.05 + 0.08 shown in Table 1 is similar to 
that presented in Figure 3. 

Patients with terminal chronic rejection (/.e., those 
individuals with rapidly declining renal function and 
advanced graft destruction) had marked decrease in 
renal parenchymal uptake of "'I-OIH with cortical 
retention, low and flat renogram curve and diminished 
ERPF and EI as exemplified in Figure 4. These 
functional differences between stable and terminal 
chronic rejection were reflected in the histologic 
observations of increased vascular injury with intra- 
luminal obstruction in the renal cortex. In some 
patients stable chronic rejection persisted for years 
with little or no change in renal function. In others, 
renal function declined rapidly over a period of several 
months. 


Acute Tubular Necrosis 
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Acute Tubular Necrosis 


Uptake of ''I-OIH by the kidney depends on the 
severity of acute tubular necrosis (ATN). The 
characteristic findings include retention of the radio- 
pharmaceutical in the kidney and little or no excretion 
in the urine. During the recovery phase of acute tubular 
necrosis the uptake of '?'I-OIH by the graft increased 
and the excretion became more rapid and the intrarenal 
retention of the radiopharmaceutical decreased (Fig. 
5). The ERPF and EI improve and if recovery is 
complete, they will eventually become normal. During 
the resolution of ATN, the ERPF alone is sufficient to 
monitor improvement (Fig. 6). Persistence of ATN with 
failure of the ERPF to become normal after four to five 
weeks strongly suggests irreversible cortical necrosis. 


Renal Artery Stenosis 


When renal artery stenosis occurs after transplantation 
it usually develops over a period of months. Regardless 
of the anatomic location of the stenotic lesion the renal 
scintigram, ERPF and EI have a pattern similar to that 
noted with chronic rejection. The decreased and 
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Predicted excretion 53 
Actual excretion 7 


Total excretion 8 


Fic. 5. Acute tubular necrosis followed cadaveric renal transplantation in this 43-year-old man. The above data obtained eight days 
posttransplantation revealed a typical appearance of acute tubular necrosis in the recovery phase. The renogram reflected improved renal 
perfusion. However, tubular function was still impaired, as reflected in the low EI (prolongation of the renal transit time). 
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FiG. 6. Acute tubular necrosis developed after cadaveric renal 
transplantation in this 43-year-old woman with resolution after the 
first week. The ERPF and EI gradually improved during the first 
transplant month. 


delayed uptake of the "'' I-OIH by the kidney resembled 
that observed in chronic rejection. The radiopharma- 
ceutical was retained within the kidney for 15—30 
minutes and was followed by slow excretion. As noted 
in Figure 7, the ERPF gradually declined over six 
months; however, the EI remained normal. Renal 
arteriography confirmed the marked degree of renal 
artery stenosis at the anastomosis. A satisfactory repair 
was accomplished and postoperatively the renogram 
curve, ERPF and scintigram were normal (Fig. 8). 
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Ureteral Obstruction 


Ureteral obstruction by either extrinsic (lympho- 
coele, fibrosis) or intrinsic (ureteral calculi) lesions 
caused a slow uptake of the radiopharmaceutical witha 
normal or slightly reduced ERPF. The decrease in EI 
depended on the degree of obstruction. The IVP shown 
in Fig. 9 demonstrated ureteral obstruction of a renal 
allograft secondary to a lymphocoele. The ''I-OIH 
(Fig. 10) was retained in the renal collecting system and 
to some extent in the parenchyma. The renogram slope 
was depressed with a delay in the time of maximal 
activity. Following drainage of the lymphocoele the 
postoperative study revealed accelerated excretion of 
the radiopharmaceutical by the kidney although the 
activity persisted for an abnormally long period of time. 
The ERPF and EI improved (Fig. 10). The anatomic 
location of ureteral obstruction in the post transplant 
course ranged from the renal pelvis to the ureterovesical 
anastomosis. In the latter instance it was possible to 
identify a dilated ureter by scintigram, but when 
obstruction was near the pelvis the '*'I-OTH scintigram 
alone did not determine the anatomic location of block. 


Comparison of Renal Function, Scintigram, ERPF, 
El and Histology 


Blood urea nitrogen, serum creatinine, creatinine 
clearance, renal scintigram, ERPF, EI and open renal 
biopsy were performed on 21 patients (16 normal, five 
chronic rejection) between October and December 
1974, with follow-up to the present time (Table 2). 


Surgery 


Fic. 7. Renal artery stenosis 

can masquerade as chronic 

rejection, and the ERPF, 
EI EI and scintigram may be 
indistinguishable from other 
mechanisms causing a de- 
crease in renal blood flow. 
This patient showed a 
marked improvement in the 
ERPF once the stenosis 
was corrected. The insert 
demonstrated the high grade 
stenosis at the end-to-end 
renal artery —hypogastric 
artery anastomosis. 
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ERPF ml/min/S.A. 195 Predicted excretion 48% 
Bladder residuum ml 12 Actual excretion 
EI 1.18 Total excretion 


POST-OPERATIVE 
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ERPF ml/ min/S. A. 391 Predicted excretion 67% x T 
Bladder residuum l6 Actual excretion 62% 
EI 1.04 Total excretion 70% 


Fic. 8. The pre- and postrenal artery reconstruction radionuclide studies are noted above. The marked improvement in ERPF and renogram 


curve confirmed the increase in renal blood flow post operatively. 


Fourteen of the 16 patients with a normal scintigram 
had a serum creatinine of 1.5 mg/100 ml or less and a 
creatinine clearance greater than 57 ml/min. Thirteen of 
the 16 patients had an ERPF greater than 250 ml/min 
and 12 of these had a renal biopsy histologically 
classified as A or B. Only one patient with normal renal 
function, scintigram, ERPF and EI had significant 
histologic evidence of chronic rejection. That patient 
eventually developed chronic rejection and lost the 
allograft 10 years 9 months later. Therefore, histology 
and renal function compared accurately with the 
radionuclide study. 

Three of the five patients (transplants 39, 48, and 53) 
with scintigraphic evidence of chronic rejection had 
serum creatinine levels greater than 2.1 mg/100 ml and 
four patients had creatinine clearance studies of 51 
ml/min or less (transplants 39, 48, 51, and 75). Two of 
the five patients with chronic rejection eventually lost 
their grafts (transplants 53 and 75). Three patients 
(transplants 39, 40, and 63) continued to have chronic 
rejection but with stable renal function. Nineteen of the 
2] patients are alive and maintain stable renal allograft 
function. 


Discussion 


The physiologic basis for renal scintigraphy, ERPF 
and EI are based on several significant observations. 


The first concerned the alterations in renal blood flow 
which occur during acute and chronic rejection. 
Kountz? suggested in 1963 that vascular injury was the 
focal point of early cell mediated acute allograft 
rejection and was associated with a reduction of renal 
blood flow as measured by '*'I-hippurate. This was due 
probably to a change in intrarenal blood flow as studied 
by Rosen'* and Retik" in the canine renal allograft 
using 133-xenon, and confirmed later by Hollenberg in 
man. The changes preceded increases in serum 
creatinine and BUN. Later Dubovsky et al.? showed 
that the prolongation of transit time usually preceded 
diminution in ERPF using a combination of renal 
scintigraphy with '?'I-OIH, and in vitro procedures. 
This technique was noninvasive and allowed accurate 
appraisal of current renal function. When combined 
with sequential studies, it also predicted graft 
prognosis.” 

Acute rejection was assessed accurately by scintig- 
raphy, ERPF, and EI. The earliest changes consisted of 
a slight retention of '*'I-OIH in the cortex, a normal 
ERPF and a decreased EI. During this phase of graft 
rejection, the BUN and serum creatinine were normal. 
This observation (impending rejection) was similar to 
the findings of Rosen,'* Retik,'? and Hollenberg.® These 
investigators demonstrated that cortical renal blood 
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Fic. 9. This IVP was obtained because of a mild increase m BUN and 
serum creatinine and the absence of clinical rejection. Excretion of 
the contrast material was delayed with considerable retention 60 
minutes later. The patient was found to have a lymphocoele and 
surgical drainage restored kidney function to normal (same patient as 
in Figure 10). 


flow decreased before laboratory findings indicated 
acute rejection. As the rejection process continued, the 
ERPF and EI decreased further with a progressive 
flattening of the renogram curve. Reversal of rejection 
was indicated by an increase in EI followed by a return 
of the ERPF toward normal (Fig. 11). When the ERPF 
and EI remained low for seven to 10 days. serious 
consideration was given to renal biopsy. 

It should be emphasized that in certain other clinical 
illnesses the results of radionuclide studies resemble 
the findings in acute rejection. Under some circum- 
stances gram negative septicemia is associated with an 
increase in serum creatinine and BUN and a decrease in 
ERPF and EI. Appropriate treatment with antibiotic 
therapy reversed the impaired renal function as 
documented by radionuclide studies. The same 
laboratory findings have occurred in patients with acute 
viral illness (herpes zoster, cytomegalovirus). Recur- 
rent glomerulonephritis in the renal allograft is 
indistinguishable from acute rejection as reflected by 
the scintigram, ERPF, and EI. In the last situation the 
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proper diagnosis can be established only by renal 
biopsy. 

Hyperacute rejection, rarely seen in our experience, - 
resulted in little or no uptake of activity by the kidney. 
These data suggested an infarcted allograft. 

Chronic rejection may be a slow and insidious 
process associated with stable renal function for a long 
period of time. In other instances it may progress 
rapidly. During the stable phase of chronic rejection, 
the ERPF gradually diminished but the EI remained 
normal. The renogram curve showed a decreased 
uptake of activity. When chronic rejection progressed 
rapidly, a terminal phase developed when the ERPF 
approached 80-100 ml/min and the EI declined 
abruptly. The renogram curve in this situation was 
flattened with a prolonged transit time and cortical 
retention. 

Acute tubular necrosis occurred in 2—4% of patients 
receiving related living donor kidneys and 18—24% of 
patients receiving cadaver grafts. It is important to 
differentiate ATN from acute rejection to avoid the 
unnecessary use of large dose corticosteroid therapy. 
During ATN the rate of uptake of the radiopharma- 
ceutical depended on the degree of ischemic injury to 
the kidney. The prolonged transit time reflected the 
degree of the tubular damage. The initial slope of the 
renogram curve expressed the ERPF ranging from 
50 to 250 ml/min with an EI showing a great 
disproportion between the perfusion of the graft 
and excretion of the radiohippurate. (Fig. 1l). 
Recovery from ATN, as noted in Figure 6, showed a 
gradual increase in ERPF, the initial slope of the 
renogram curve and the EI. During this period there 
was an increase in urine volume and the BUN and 
serum creatinine became normal. A difficult question 
involved the separation of acute rejection superimposed 
upon ATN. The most accurate study to separate these 
two entities was the ERPF. A decrease in ERPF during 
sequential studies after ATN implied the superimposi- 
tion of acute rejection. The scintigram, EI and reno- 
gram were usually unchanged. 

Renal artery stenosis was an uncommon complica- 
tion present in 5% of our overall series of transplant 
recipients. Hypertension was the usual presenting 
clinical finding with or without an increase in BUN and 
serum creatinine. The allograft was not enlarged to 
palpation and a bruit over the graft was often audible. 
The scintigraphic. ERPF and EI findings were similar to 
those noted in chronic rejection, as shown in Figure 7. 
Thus, radionuclide studies alone suggested but were 
not diagnostic of renal artery stenosis. The best 
methods to confirm this diagnosis were plasma 
renin determinations and renal arteriography. Renal 
vein occlusion was not observed in our experience. 
Iliac vein thrombosis, however, cephalad to the renal 
vein-external iliac vein anastomosis occurred. In 
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ERPF ml/min 220 Predicted excretion 48% 
Bladder residuum ml 40 Actual excretion 20% 
EI 0.60 Total excretion 30% 
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ERPF ml / min 305 Predicted excretion 64 % 
Bladder residuum ml 21 Actual excretion 44% 
EI 0.80 Total excretion 51% 


Fic. 10. Radionuclide studies in this patient (see Fig. 9) with a lymphocoele demonstrated the reduction in ERPF, EI with a flattened renogram 
curve caused by ureteral obstruction. All parameters of renal function improved after drainage. It is important, however, to emphasize that 
ureteral obstruction cannot always be established by radionuclide studies. 


these circumstances, the scintigraphic appearance was serious and by themselves had a high incidence of 
similar to other clinical entities in which there was a morbidity and mortality. The most serious complica- 
decrease in renal blood flow. tion was urinary extravasation resulting from ureteral 

Urologic complications posttransplantation were perforation or dehiscence of either the cystotomy or the 


TABLE 2. Comparison of Kidney Function and Histology 








Renal 
UAB Biopsy 
TX No. Donor BUN Cr CICI Scintigram ERPF EI Grade Clinical Impression 

6 RLD 39 2.1 84 Normal 202 0.97 C Impaired, stable renal function 
28 CD 25 1.5 77 Normal 344 1.12 A Normal renal function 
33 RLD 15 1.4 66 Normal 309 1.05 B Normal renal function 
34 CD 16 0.9 102 Normal 360 .96 A Normal renal function 
36 RLD 21 0.9 57 Normal 266 1.1 B Normal renal function 
38 O 20 1.1 74 Normal 423 0.97 B Normal renal function 
39 CD 39 3.2 37 Chronic rejection 160 0.80 E Impaired, stable renal function 
40 CD 39 2.4 48 Chronic rejection 124 [12 D Impaired, stable renal function 
42 RLD 23 1.3 74 Normal 209 1.12 C Normal renal function 
43 RLD 13 Lo 67 Normal 195 1.05 C Impaired, stable renal function 
46 RLD 18 0.9 99 Normal 351 1.02 A Normal renal function 
51 RLD 11 1.0 93 Normal 403 1.04 B Normal renal function 

53 RLD 23 2.0 51 Chronic rejection 177 1.10 A Chronic rejection 

56 RLD 16 1.0 136 Normal 348 E12 A Normal renal function 
63 CD 32 1.3 80 Chronic rejection 130 A D Impaired, stable renal function 
67 RLD 12 Ed 90 Normal 289 0.97 B Normal renal function 

75 CD 44 1.9 50 Chronic rejection 126 0.84 C Chronic rejection 

81 CD 18 1.1 105 Normal 580 1.08 B Normal renal function 

92 RLD i2 0.6 124 Normal 257 1.20 B Normal renal function 

99 CD 20 Ls 60 Normal 304 1.03 C Normal renal function 
102 CD 8 1.0 86 Normal 317 1.12 D Normal renal function 





Note: All studies performed between October and December 1974. 
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Fic. 11. When the ERPF and EI are plotted on the horizontal and vertical axis, the points fall into discrete areas relating to ATN, incomplete 
obstruction, and chronic rejection. Acute rejection and normal function are generally separate entities. The paramount exception related to early 
acute rejection (impending rejection) at which point there was an overlap between normal function and acute rejection. Sequential studies will 
separate this category into either acute rejection or normal function. The ERPF provides an index of kidney perfusion: the EI provides an index 
of renal transit time. The diagnostic entities shown are separated by the relationship of one of these variables to the other. 


ureteroneocystotomy. In some situations, renal necrosis 
has been reported after ligation of a polar artery causing 
a calyceal perinephric fistula.'* In these circumstances, 
the renal scintigram accurately localized the radiophar- 
maceutical activity outside the urinary tract and 
confirmed the suspected diagnosis.'??:!?!* Ureteral ob- 
struction after transplantation was due to extrinsic or 
intrinsic causes located from the ureteropelvic junction 
to the bladder. The scintigram offered little help when 
the obstruction was at the ureteropelvic junction but 
accurately diagnosed the problem at the ureterovesical 
junction. Renal or ureteral calculi occurred but ureteral 


angulation due to adhesions or lymphocoele were far 


more common in our experience. The diagnosis of a 


perirenal lymphocoele may be suggested by either 


radionuclide studies or intravenous pyelography. How- 
ever, ultrasonography provided the definitive diagnosis. 

When the ERPF and EI are plotted at the horizontal 
and vertical axis the points collect into discrete areas 


regarding the etiology of impaired renal function (Fig. 
11). It should be emphasized that chronic rejection 
evolves from normal renal function and as the ERPF 
decreases to less than 100 ml/min a rapid decline in EI 
Occurs. Acute rejection may not be separated readily 
from normal values in the early phase (impending 
rejection) but sequential studies will document the 
natural progress of the process. ATN and incomplete 
obstruction are accurately recognized. 

The technique of renal scintigraphy, estimated renal 
plasma flow and urine excretion as described, provided 
a quantitative method to diagnose impaired renal 
function in the post transplant patient. Acute and 
chronic rejection and ATN were accurately separated 
by these methods; however, ureteral obstruction and 
renal artery stenosis were differentiated less readily. 
Radionuclide studies have not been accurate in the 
diagnosis of certain conditions causing impaired renal 
function. These include recurrent glomerulonephritis in 
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the allograft and acute bacterial and viral illness which 
simulate acute rejection. At present, these conditions 
can be separated only by renal biopsy and the clinical 
findings. 

Since this technique accurately reflected subtle 
changes, it proved extremely useful in monitoring the 
course of the posttransplant patient. 


Acknowledgments 


The authors would like to express appreciation to Mr. Harry 
Germagian and Mr. Cecil Gilliam of the Birmingham Veterans 
Administration Hospital for their technical expertise in medical 
illustration and photography. 


References 


1. Diethelm AG, Aldrete JS, Shaw JF, et al. Clinical evaluation of 
equine antithymocyte globulin in recipients of renal allografts: 
analysis of survival, renal function, rejection, histocompatibil- 
ity and complications. Ann Surg 1974; 180:20. 

2. Dubovsky EV, Logic JR, Diethelm AG, et al. Comprehensive 
evaluation of renal function in the transplanted kidney. J Nucl 
Med 1975; 16:1115. 

3. Dubovsky EV, Diethelm AG, Tauxe WN. Differentiation of cell 
mediated and humoral rejection by orthoiodohippurate 
kinetics. Arch Intern Med 1977; 137:738. 

4. Haden HT, Stacy WK, Wolf JS, et al. Scintiphotography in 
diagnosis of urinary fistula after renal transplantation. J Nucl 
Med 1975; 16:612. 

5. Hilson AJW, Maisey MN, Brown CS, et al. Dynamic renal 
transplant imaging with Tc-99m DIPA (Sn) supplemented by a 
transplant perfusion index in the management of renal 
transplants. J Nucl Med 1978; 19:944. 

6. Hollenberg NK, Birtch A, Rashid A, et al. Relationships between 
intrarenal perfusion and function: serial hemodynamic studies 
in the transplanted human kidney. Medicine 1972; 51:95. 


DISCUSSION 


DR. STANLEY R. MANDEL (Chapel Hill, North Carolina): One of 
the major problems which perplexes us is the difficult diagnostic 
situation where you have a patient who is in severe ATN, having 
received a cadaver kidney, and then develops acute rejection on 
top of that, because you're dealing with a patient who starts out 
anuric. I would like to show one slide which shows our experience 
with this, and then ask Dr. Diethelm one question. 

(slide) These are our renograms on a patient who received a 
cadaver kidney; and as you can see on Day 1, with the patient 
in severe ATN, and very slow uptake of the dye, and essentially 
no excretion, as Gil pointed out. On Day 3 there's a slight im- 
‘provement, and we are starting to get a little bit of dye out. The 
patient has remained essentially anuric, so you can't monitor 
rejection by urine output; you can't monitor it by creatinine or BUN. 
Basically, you're trying to look for a change in the renogram. 

Now, on Day 6 you can see a very marked deterioration in the 
scan from Day 3, where the curve now has no peak, and is just 
a slow rise with essentially no excretion; and this differential 
change between Day 3 and Day 6 is consistent with rejection. We 
have enough confidence in this, having done this several times, 
to treat our patient. 

We started a three- to four-day period of treatment with bolus 
doses of steroids: and as you can see, by Day 15 there is starting 


IMPAIRED RENAL FUNCTION 


615 


7. Kontzen FN. Tobin M, Dubovsky EV, Tauxe WN. Com- 
prehensive renal function studies: technical aspects. J Nucl 
Med Technol 1977; 5:81. 

8. Kountz SL, Williams MA, Williams PL, et al. Mechanism of 
rejection of homotransplanted kidneys. Nature 1963; 199:257. 

9. Kristiansen JH, Andersen KE, Frederiksen PB, Svendsen, V. 
The diagnosis of urinary extravasation using gamma camera 
scintigraphy. Scand J Urol Nephrol 1977: 11:69. 

10. Mandel SR, Mattern WD, Staab E. Johnson G. The use of 
radionuclide imaging in the early diagnosis and treatment of 
renal allograft rejection. Ann Surg 1975; 181:596. 

11. Moore TC, Hayes M. Combined use of ""I-hippurate blood 
clearance and bladder kidney ratio data in the early detection, 
classification, and management of accelerated rejection of 
human renal transplants. Surgery 1974; 76:587. 

12. O'Donoghue EPN, Chisholm GD, Shackman R. Urinary fistulae 
after renal transplantation. Br J Urol 1973; 45:28. 

13. Retik AB, Hollenberg NK, Rosen SM, et al. Cortical ischemia in 
renal allograft rejection. Surg Gynecol Obstet 1967: 124:989. 

14. Rosen SM, Truniger BP, Kriek HR, et al. Intrarenal distribution 
of blood flow in the transplanted dog kidney: effect of 
denervation and rejection. J Clin Invest 1967; 46:1239. 

15. Rosenthall L, Mangel R, Lisbona R, Lacourciere Y. Diagnostic 
applications of radiopertechnetate and radiohippurate imaging 
in post-renal transplant complications. Radiology 1974: 
i347. 

16. Salvatierra O, Powell MR, Price DC, et al. The advantages of '*'I- 
orthoiodohippurate scintophotography in the management of 
patients after renal transplantation. Ann Surg 1974; 180, 336. 

17. Spigos DG, Tan W, Pavel DG, et al. Diagnosis of urine 
extravasation after renal transplantation. Am J Roentgenol 
1977: 129:409. 

18. Staab EV, Whittier F, Patton DD, et al. Early evaluation of 
cadaver renal allotransplant by means of radionuclide 
imaging. Radiology 1973; 106:147. 

19. Tauxe WN, Maher FT, Taylor WF. Effective renal plasma flow: 
estimation from theoretical volumes of distribution of 
intravenously injected ""I-orthoiodohippurate. Mayo Clin 
Proc 1971; 46:524. 


to be improvement, and then by Day 18 there's a significant im- 
provement. 

Therefore, in our hands the important feature is to serially 
measure scans in these patients from Day | through the entire 
postoperative period. If you do the scans serially, and get a scan 
on the first day after transplantation, our thesis is that the damage of 
preservation with a cadaver kidney is established by Day 1, and that 
ATN at that point is either going to get better or stay the same, but 
any deterioration of the curve after Day | has to be superimposed 
rejection. 

And what I'd like to ask Dr. Diethelm is, in a patient who has 
extremely low flow and severe ATN, essentially no urine output, 
and a very low ejection fraction, whether or not he has enough con- 
fidence in his methodology to treat the patient on a very small change 
in plasma flow. 

We have enough confidence to treat our patients on the basis of 
deterioration of the scan, so we find this to be very helpful. But 
if you're dealing with very low plasma flows to begin with, I wonder 
whether you feel confident enough to treat the patient with a very 
small change. 


DR. LesLie F. RUDOLF (Charlottesville, Virginia): We have 
been employing a technique that's somewhat of a hybrid between 
your and what Dr. Mandel has helped us with. 
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One of the questions that sort of tweaked my interes: in your 
abstract — and I think you probably didn't mean to word it this way-- 
vou said: "Reversible and irreversible acute tubular necrosis were 
clearly differentiated from acute rejection." There are certain in- 
stances, as you know, in which we will transplant a preserved 
cadaver kidney, and the kidney goes through a very, very long period 
of ATN. We have had kidneys that have been in ATN for up to 56 
er 60 days. 

Do vou think your technique might be applicable to differenti- 
ating the kidney that's in ATN—or a kidney that is in ATN that's 
going to open up from one that will remain in ATN and never open up? 


DR. ARNOLD G. DIETHELM (Closing discussion): Both the 
questions of Dr. Mandel and Dr. Rudolf are very pertinent, and 
difficult to answer with certainty. 

(slide) The importance in separating acute tubular necrosis from 
other causes of impaired renal function is critical not only in 
transplantation but in following the patient with trauma and multi- 
ple injuries. So I think this particular point has a great deal more 
relevance than just the transplant population. The ERPF and EI can 
be plotted as you see here and progressive improvement can be 
calculated and observed by the techniques described earlier. 

The question asked by Dr. Mandel relates to the use of the 
renogram curve versus the number which we have referred to as 
ERPF. ERPF really reflects renal plasma flow, and is determined 
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by the following technique. The iodinated orthoiodohipurate is in- 
jected intravenously. Forty-four minutes later a venous sample is 
taken, and the difference between the injected dose and con- 
centration in the plasma at 44 minutes provides an indication of the 
renal plasma flow. 

Therefore, in the situation that Dr. Mandel described, using our 
technique, we would probably not use the renogram curve itself, 
but would use the ERPF number, reflecting the renal blood flow. This 
can be done in an ICU setting or on the patients’ floor. The calculation 
does not require that the patient have the scintigram image or the 
renogram. 

In regards to Dr. Rudolf' s question, the same concept applies; that 
is, how long can one observe a patient with ATN, and how many 
sequential ERPF studies can be obtained until one can determine 
that renal function will recover. I do not think we have ever followed 
a patient more than 30—35 days without making that distinction, or 
without removing the kidney; so I have no data if ATN persists 
for 60 days. 

We do feel confident that ifthe ERPF is greater than 100 ml/minute, 
there is adequate blood flow through the kidney even though excre- 
tion may be minimal. This situation is quite different from cortical 
necrosis, where there is little or no blood flow through the kidney. In 
cortical necrosis, the uptake of the radiopharmaceutical would be 
minimal, and actually the ERPF, with cortical necrosis, instead of 
being 225 ml/minute, would be less than 80 or 100 ml/minute. 
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After parenteral narcotics... 





The principal analgesic ingredient, oxy- 
codone, is a semisynthetic narcotic with 
multiple actions qualitatively similar to 
those of morphine. The analgesic effect 
of oxycodone begins within 10 to 15 min- 
utes after oral administration, peaks at 
45 minutes and persists for 3 to 6 hours.* 
Acetaminophen, a non-narcotic analge- 
sic, complements the pain relief pro- 
vided by oxycodone. 


Summary of Prescribing Information 
Contraindications: Hypersensitivity to oxycodone or 
acetaminophen 


Warnings: Drug dependence: Oxycodone can pro- 
duce drug dependence of the morphine type and 
may be abused. Psychic dependence, physical 
dependence and tolerance may develop upon 
repeated administration, prescribe and administer 
with same caution appropriate to other oral narcotic- 
containing medications. Subject to the Federal Con- 
trolled Substances Act 

Usage in ambulatory patients: Caution patients that 
oxycodone may impair mental and/or physical abili- 
ties required for performance of potentially hazardous 
tasks such as driving a car or operating machinery 
Interaction with other Central Nervous System 
depressants: Patients receiving other narcotic anal- 
gesics, general anesthetics, phenothiazines, other 
tranquilizers, sedative-hypnotics or other CNS 
depressants (including alcohol) with TYLOX capsules 
may exhibit additive CNS depression. When such 
combined therapy is contemplated, the dose of one 
or both agents should be reduced 

Usage in pregnancy: Sate use not established 
Should not be used in pregnant women unless 
potential benefits outweigh possible hazards 

Usage in children: Should not be administered to 
children 


Precautions: Head injury and increased intracranial 
pressure: The respiratory depressant effects of nar- 
cotics and their capacity to elevate cerebrospinal fluid 
pressure may be markedly exaggerated in the pres- 
ence of head injury, other intracranial lesions or a 
pre-existing increase in intracranial pressure. Fur- 
thermore, narcotics produce adverse reactions which 
may obscure the clinica! course of patients with head 
injuries 

Acute abdominal conditions: TYLOX capsules or 
other narcotics may obscure the diagnosis or clinical 
Course of acute abdominal conditions. 

Special risk patients: Administer with caution to cer- 
tain patients such as the elderly or debilitated, and 
those with severe impairment of hepatic or renal 
function, hypothyroidism, Addison's disease, and 
prostatic hypertrophy or urethral stricture. 


Adverse Reactions: Mos! frequent: Lightheaded- 
ness, dizziness, sedation, nausea and vomiting; more 
prominent in ambulatory than non-ambulatory 
patients; some of these reactions may be alleviated if 
the patient lies down. Others: euphoria, dysphoria, 
constipation, skin rash and pruritus 


Dosage and Administration: Dosage should be 
adjusted according to severity of pain and response 
of the patient. It may occasionally be necessary to 
exceed the usual dosage recommended below in 
cases of more severe pain or in those patients who 
have become tolerant to the analgesic effect of nar- 
cotics. TYLOX capsules are given orally. Usual adult 
dose is one capsule every 6 hours as needed for 
pain 


Drug Interactions: CNS depressant effects may be 
additive with that of other CNS depressants. See 
Warnings 

Caution: Federal law prohibits dispensing without 
prescription x 

For information on symptoms/treatment of over- 
dosage, see full prescribing information 

Full directions for use should be read before adminis- 
tering or prescribing. 


*Halpern LM. Bonica JJ: Analgesics, in Modell W (ed) 
Drugs of Choice 1978-1979. St Louis, CV Mosby, 1978, 





maximum oral potency 


EM 


An oxycod analgesic 
combination without APC 


TYLOX 


CAPSULES 


oxycodone HCI* 4.5 mg, 
oxycodone terephthalate* 0.38 mg, 
acetaminophen 500 mg 





*Warning: May be habit forming. 


McNeil Laboratories, McNEILAB, Inc., Fort Washington, PA 19034 & McN 1980 
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WHYDOA 
SIGMOIDOSCOPY 
AND MISS HALF 

THE SIGMOID? | 


The Olympus TCF-1S flexible sigmoidoscope lets you see what you've been missing. 

















Up to 7096 of colorectal disease occurs in 
the sigmoid, frequently beyond the reach 
of the rigid sigmoidoscope-.'? In fact, a 
study conducted at the Department of 
Gastroenterology at the University of Ore- 
gon revealed that nearly one half (44%) of 
polyps detected in the sigmoid were loca- 
ted above the 20-cm mark. 















Rigid sigmoidoscope (left) has limited reach and maneuverability and narrow view field. 
Flexible TCF-1S (right) can easily be maneuvered in the sigmoid and has wide-angle optics. 


Study shows that the Olympus TCF-1S identified 42 times 


as many polyps as the rigid sigmoidoscope. 


e The average Olympus TCF-1S procedure allows you to 
examine nearly three times more of the lower bowel than 
rigid sigmoidoscopy. 

« On the same patient group, the TCF-1S detected 

36 polyps as compared to eight identified with the 
rigid scope.’ 

e Preparation time for both rigid and flexible 
sigmoidoscopy is the same; a simple water or 
disposable enema is sufficient. Patient position 
(knee-chest) is the same for both 
procedures. 

e Average examination time with the 
Olympus TCF-1S is only a few minutes 
longer than rigid sigmoidoscopy, even 
though the TCF-1S is inserted nearly 
three times further into the bowel.’ 

e More patients preferred the Olympus 
TCF-1S to the rigid sigmoidoscope 
after being examined with both.’ 
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SEE FOR YOURSELF. 


Rigid Olympus 

sigmoidoscope TCF-1S _ 
Average distance advanced 20.4 cm Sob 
Number of neoplastic 8 36 
lesions detected 
Preparation required 
Examination position 
Average examination time 
Patient preference 


"24% had no preference 
4 
Adapted from Katon RM, et al.’ 


simple enema 
knee-chest 
9.4 min 

43%" 


simple enema 
knee-chest 
5.9 min 

3396* 


Number of polyps identified 
Rigid 
sigmoidoscope 


Distance from 
anal verge (cm) 


Olympus 
TCF-1S 


0-10 2 3 


11-15 
16-20 
21-25 
26-35 
36-60 
Total 


Adapted from Katon RM, et al 


13 


1 


In an additional study comparing flexible and 
rigid sigmoidoscopy in 1,012 patients, diagnostic 
yield of the flexible scope was 3.2 times that of 
the rigid.’ 


THE CHOICE IS CLEAR. 


Unique design makes the Olympus TCF-1S the 
instrument of choice for thorough, accurate 
examination of the rectum and sigmoid. Its extra- 
large suction/biopsy channel, 5mm in diameter, 
allows you to suction mucus and even small 
amounts of stool while simultaneously performing 
biopsies. 


The TCF-1S is simple to operate, with easy one- 
hand control for smooth insertion and maneuver- 
ability. Its distal tip bends four ways through a 
210° range, making every colorectal site readily 
visible and accessible. 


Olympus didn't become No. 1 in fiber endoscopy 
without having the finest optics. A precisely 
aligned fiber bundle allows the TCF-1S to deliver 
the clearest, brightest images possible. And as 
with every Olympus fiberscope, the TCF-1S is 
backed by the most extensive service organiza- 
tion of its kind in the United States. 


Isn't it time you looked into Olympus? 
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l'D LIKETO SEE FOR MYSELF. 


O Have my Olympus Representative contact 
me for a TCF-1S demonstration. 


C Send me additional literature on the Olympus 
TCF-1S. 


Name 
Institution 
Address 
City State Zip 
Telephone (__) 


Medical specialty 


Olympus Corporation of America 
Medical Instrument Division 

4 Nevada Drive 

New Hyde Park, New York 11042 
(516) 488-3880 


“ia VICRYL 


(Polyglactin YI) suture 


SNUGS DOWN 
AND HOLD 


First coated synthetic absorbable 














e Coated for smoothness e Soft—on the surgeon's 
e Allows adjustable knot hands 
tension for precise knot e Complete absorption 
placement before 90 days 
e Produces less suture drag e High in vivo tensile 
than uncoated synthetic strength 
absorbables e Coated with polyglactin 


Low tissue reaction 370 and calcium stearate 






Innovators in wound closure 
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VICRYL“ 
(Polyglactin 910) Suture 


SYNTHETIC ABSORBABLE SUTURE 


Coated VICRYL” 
(Polyglactin 910) Suture 


Coated with Polyglactin 370 and Calcium Stearate 


SYNTHETIC ABSORBABLE SUTURE 


DESCRIPTION 
/ICRYL (polyglactir 
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You can 
now order 
article 
reprints 

om this 
publication 


University Microfilms International, 
in cooperation with publishers 

of this journal, offers a highly con- 
venient Article Reprint Service. 
Single articles or complete issues 
can now be obtained in their 
original size (up to 812 x 11 inches). 
For more information please com- 
plete and mail the coupon below. 


ARTICLE REPRINT 
SERVICE 


University Microfilms International 





OYES! | would like to know more about the Article Reprint 
Service. Please send me full details on how | can order. 


O Please include catalogue of available titles. 


Name i Title _ 











Institution/Company . . - _ = 











Address - : = 








City _State : Zip. 








Mailto: University Microfilms International 


Article Reprint Service 
300 North Zeeb Road 
Ann Arbor, Michigan 48106 
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Ready Recovery 





When there is severe 


postoperative vomiting 





in the adult 





surgical patient 





* rapid control of nausea and vomiting 


e unsurpassed antiemetic action 
* 12 dosage forms and strengths 


brand of 


proc 





hlorperazine 


Before prescribing, see complete prescribing information in 
SK&F literature or PDR. The following is a brief summary. 


Indications: Management of the manifestations of psychotic 
disorders; management of psychoneurotic patients displaying 
primarily symptoms of moderate to severe anxiety and tension; 
and for control of severe nausea and vomiting. 


‘Compazine’ has not been shown effective in the management of 
behavioral complications in patients with mental retardation. 


Contraindications: Comatose or greatly depressed states due 
to C.N.S. depressants; bone marrow depression; pediatric 
surgery. 


Warnings: The extrapyramidal symptoms which can occur 
secondary to 'Compazine' may be confused with the central 
nervous system signs of an undiagnosed primary disease 
responsible for the vomiting, e.g., Reye's syndrome or other 
encephalopathy. The use of 'Compazine' and other potential 
hepatotoxins should be avoided in children and adolescents 
whose signs and symptoms suggest Reye's syndrome. 


Avoid using in patients hypersensitive (e.g., blood dyscrasias or 
jaundice) to any phenothiazine. Caution patients about activities 
requiring alertness (e.g., operating vehicles or machinery) 
especially during the first few days' therapy. Prochlorperazine 
may intensify or prolong the action of other C.N.S. depressants. 
Not recommended for children under 20 pounds or 2 years of 
age. 

Use in pregnancy only when potential benefits outweigh 
hazards. 


Precautions: The antiemetic action of 'Compazine' may mask 
the signs and symptoms of overdosage of other drugs and may 
obscure the diagnosis and treatment of other conditions such as 
intestinal obstruction, brain tumor and Reye's syndrome (See 
WARNINGS). Postoperative aspiration of vomitus has occurred in 
a few surgical patients who received prochlorperazine as an 
antiemetic. Deep sleep and coma have been reported, usually 
with overdosage. Patients on long-term therapy, especially high 
doses, should be evaluated periodically for possible adjustment 
or discontinuance of drug therapy. In children with acute 
ilinesses or dehydration, use only under close supervision. 


Adverse Reactions: Drowsiness, dizziness, amenorrhea, blurred 
vision, skin reactions. Hypotension. Cholestatic jaundice, 





SI«Gt 


a SmithKline company 


© ® 
Compazine Injection 5 mg./ml. 


leukopenia, agranulocytosis. Fatty changes in the liver have been 
observed in a few patients who died while receiving the drug (no 
causal relationhip has been established). Neuromuscular 
(extrapyramidal) reactions: motor restlessness, dystonias, 
pseudo-parkinsonism, persistent tardive dyskinesia. Contact 
dermatitis is a possibility with concentrate and injectable forms. 


Other adverse reactions reported with Compazine 
(prochlorperazine, SK& F) or other phenothiazines: Some 
adverse effects are more frequent or intense in specific disorders 
(e.g., severe hypotension in mitral insufficiency or 
pheochromocytoma). 


Grand mal convulsions; altered cerebrospinal fluid proteins; 
cerebral edema; prolongation and intensification of the action of 
C.N.S. depressants, atropine, heat and organophosphorus 
insecticides; dryness of mouth, nasal congestion, headache, 
nausea, constipation, obstipation, adynamic ileus, inhibition of 
ejaculation; reactivation of psychotic processes, catatonic-like 
states; hypotension (sometimes fatal); cardiac arrest; 
pancytopenia, thrombocytopenic purpura, eosinophilia; biliary 
Stasis; lactation, galactorrhea, gynecomastia, menstrual 
irregularities, false-positive pregnancy tests; photosensitivity, 
itching, erythema, urticaria, eczema up to exfoliative dermatitis; 
asthma, laryngeal edema; angioneurotic edema, anaphylactoid 
reactions; peripheral edema; reversed epinephrine effect; 
hyperpyrexia; a systemic lupus erythematosus-like syndrome; 
pigmentary retinopathy; with prolonged administration of 
substantial doses, skin pigmentation, epithelial keratopathy, and 
lenticular and corneal deposits. 


EKG changes have been reported, but relationship to myocardial 
damage is not confirmed. Discontinue long-term, high-dose 
therapy gradually. 


NOTE: Sudden death in patients taking phenothiazines 
(apparently due to cardiac arrest or asphyxia due to failure of 
cough reflex) has been reported, but no causal relationship has 
been established. 


Supplied: Tablets — 5, 10 and 25 mg., in bottles of 100; 
Spansule* capsules — 10, 15, 30 and 75 mg., in bottles of 50; 
Injection — 5 mg./ml. in 2 ml. ampuls, 10 ml. vials, and 2 ml. 
disposable syringes; Suppositories — 2-1/2, 5 and 25 mg.; 
Syrup — 5 mg./5 ml.; Concentrate (intended for institutional 
use only) — 10 mg./ml.; Single Unit Packages of 100 (intended 
for institutional use only) — 5 and 10 mg. tablets; 10, 15 and 
30 mg. 'Spansule' capsules. 


Smith Kline & French Laboratories 
Philadelphia, PA 


(c) 1980 
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Our single-use special 
procedures instruments 
are so special, it will 
break your heart 

to throw them away. 








From the time you select an Acme United 
Generation ll single-use kit or instrument, until 
the moment you part with it, you should be well 
pleased with the feel, precision and strength. 


These very special special procedures instru- 
ments perform to your most rigid demands in 

the ER or in floor use. In fact, they work so well, it 
might just break your heart that they're single-use. 


But that's what makes them so special. They're 
built well enough to compare with OR-grade 
instruments for special procedures, yet they're 
Inexpensive enough to be discarded after a 
single use. 


Each hemostat, forceps, scalpei, scissors, and 
needle holder has the bite, snap or grip of an 
instrument costing many times its price. All we've 
left out is the extra armament required to with- 
stand the battle of the autoclave. 


So your hospital saves important labor costs with 
these sterile-packed single-use instruments and 
kits, and you help fight the battle of cross con- 
tamination without concerns over loss or pilferage. 


We ve built 17 different instruments and arrayed 
them in more than 20 sterile kits for suture re- 
moval, general purpose wound closure, and 
Incision and drainage. Each instrument is de- 
signed to perform perfectly once, and be gone. 


Our Generation Il is a genuine heartbreaker. To 
consign such fine instruments to the waste pail 
may break your heart, but it won't break 

your budget. 





Acme United Corporation 
Medical Products Division 
Bridgeport. Connecticut 06609 
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TICAR 


Ticarcillin Disodium) 





AND CERTAIN AMINOGLYCOSIDES 
MAY PROVE 
THERAPEU TICALLY SUPERIOR 


BROADER ANTIBACTERIAL 
COVERAGE 


The concomitant use of TICAR and gentamicin or 
tobramycin provides a wider in vitro antimicrobial 
spectrum than each antibiotic alone* Range includes 
Bacteroides species such as B. fragilis and other 
anaerobic bacteria. 


REDUCTION OF MICS 


TICAR with gentamicin or tobramycin in vitro often 
reduces the Minimum Inhibitory Concentrations 
(MIC'S) of these antibiotics against Pseudomonas 
aeruginosa by a factor of 4 or more.t (An important 
consideration when aminoglycoside serum levels are 
similar to the MIC's of the Pseudomonas strain.) 


EFFICACY IN NEUTROPENIC 
PATIENTS 


TICAR is "...effective regardless of the patient's 
neutrophil count’ while gentamicin and tobramycin 
are reported to be only minimally effective in 
neutropenic patients! 


*Not ali strains are susceptible. /n vitro susceptibility should not be translated 
to clinical effectiveness. 

TData on file, Medical Department, Beecham Laboratories. 

FNumber of patients responding/total number of patients evaluated. 

t. Bodey GP et ai: Management of Bacterial Infections in Cancer Patients. 
Chemotherapy. Reprinted with permission from: Proceedings of the 9th 
international Congress of Chemotherapy. London, 1975, 7, Clinical Aspects 
of Infections. 

2. Parry MF. Neu HC: A comparative study of ticarcillin plus tobramycin 
versus Carbenicillin plus gentamicin for the treatment of serious infections 
due to Gram-negative bacilli. American Journal of Medicine 64:961-966. 1978. 

3. Murillo J et al: Comparison of serum bactericidal activity among three 
antimicrobial combinations. Antimicrobial Agents and Chemotherapy 
13(6) :992-996, 1978. 

4. Neu HC, Parry MF: Ticarcillin in serious Infections. Read before the Ticarcillin 
International Symposium, Burgenstock. Switzerland, September, 1977 
Please see brief summary of prescribing information on next page. 





TICAR AND 
GENTAMICIN OR TOBRAMYCIN: 
SUPERIOR CLINICAL RESULTS 


With Tobramycin: 
Patients “... responded more frequently. .:'? when 
TICAR was used concomitantly with tobramycin: 
Clinical Efficacy in Pulmonary Infections 
Due To Pseudomonas aeruginosa 


(Adapted from Parry and Neu?) 


10% 


(28/40)t 


9296 


(33/36)t 





TICAR/ 
Tobramycin 


Carbenicillin/ 
Gentamicin 


“The combination of TT [TICAR and tobramycin] 
appears to be superior to CG [carbenicillin and 
gentamicin] for the treatment of pulmonary infections 
due to Pseudomonas aeruginosa:? 


With Gentamicin: 

"Tt G[TICAR and gentamicin] is an extremely useful 
initial antimicrobial regimen for.empiric therapy of 
febrile episodes in granulocytopenic cancer patients:? 


“Ticarcillin is a safe and highly effective parenteral 
semi-synthetic penicillin. for serious Pseudomonas 
infections due to susceptible strains? 


Beecham 


laboratories 
BRISTOL, TENNESSEE 37620 
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TICAR 
(Sterile Ticarcillin Disodium) 


for Intramuscular or Intravenous Use 
For complete prescribing information. consult official package insert 


ACTIONS: Ticarcillin is bactericidal. it is not absorbed orally. there- 
fore, it must be administered intravenously or intramuscularly 


INDICATIONS: TICAR (Ticarcillin Disodium) is indicated for the 
treatment of the following infections 
Bacterial septicemiat 
Skin and soft-tissue infections t 
Acute and chronic respiratory tract infections t 1 
aused by susceptible strains of Pseudomonas aeruginosa. 
roteus species (both indole-positive and indole-negative) 
and Escherichia coli 
t (Though clinical improvement has been shown. bacterio- 
logical cures cannot be expected in patients with chronic 
respiratory disease or cystic fibrosis.) 
Genitourinary tract infections (complicated and uncomplicated) 
due to susceptible strains of Pseudomonas aeruginosa. Pro- 
teus species (both indole-positive and indole-negative) 
Escherichia coli, Enterobacter and Streptococcus faecalis 
(enterococcus) 

Ticarcillin is also indicated in the treatment of the following 

infections due to susceptible anaerobic bacteria 

(1) Bacterial septicemia 

(2) Lower respiratory tract infections such as empyema. anaerobic 
pneumonitis and lung abscess. 

(3) Intra-abdominal infections such as peritonitis and intra-abdomi- 
nal abscess (typically resulting from anaerobic organisms resi- 
dent in the normal gastrointestinal tract) 

(4) Infections of the female pelvis and genital tract such as endo- 
metritis. pelvic inflammatory disease. pelvic abscess and 
salpingitis 

(5) Skin and soft-tissue infections. 

Although Ticarcillin is primarily indicated against Gram-negative 
infections. its in vitro activity against Gram-positive organisms 
should be considered in treating infections caused by both Gram- 
negative and Gram-positive organisms 

ased on the in vitro synergism between Ticarcillin and genta- 
micin sulfate or tobramycin sulfate against certain strains of 

Pseudomonas aeruginosa. combined therapy has been successful 

using full therapeutic dosages. uM 

Culturing and susceptibility testing should be performed initially 
and during treatment 


CONTRAINDICATIONS: A history of allergic reaction to any of the 
penicillins is a contraindication 


WARNINGS: nai nce may occur, especially in patients with an 
allergic diathesis. Check for a history of allergy to penicillins 
cephalosporins or other allergens. If an allergic reaction occurs. the 
drug should be discontinued unless. in the opinion of the physician. 
the condition being treated is life-threatening and amenable only to 
Ticarcillin therapy Serious anaphylactic reactions require immediate 
emergency treatment with epinephrine. oxygen. intravenous steroids 
and airway management 

Some patients receiving high doses of Ticarcillin may develop 
hemorrhagic manifestations associated with abnormalities of coagu- 
lation tests. Patients with renal impairment. in whom excretion of 
Ticarcillin is delayed. should be observed for bleeding manifesta- 
tions. Such patients should be dosed strictly according to recom- 
mendations. If bleeding manifestations appear. Ticarcillin treatment 
should be discontinued and. if necessary. appropriate therapy in- 
stituted 


PRECAUTIONS: During prolonged treatment. periodic checking for 
organ system dysfunction (renal, hepatic and hematopoietic) is 
advisable. If overgrowth of resistant organisms occurs. the appro- 
priate therapy should be initiated. LE 

Since the theoretical sodium content is 5.2 milliequivalents (120 
mg) per gram of Ticarcillin. electrolyte and cardiac status should 
be monitored carefully 

In a few patients receiving intravenous Ticarcillin, hypokalemia 
has been reported. Serum potassium should be measured 
periodically 


USAGE DURING PREGNANCY: Reproduction studies have been 
performed in mice and rats and have revealed no evidence of 
impaired fertility or harm to the fetus due to Ticarcillin. There are 
no well-controlled studies in pregnant women. but investigational 
experience does not include any positive evidence of adverse 
effects on the fetus. Although there is no cun defined risk. 
such experience cannot exclude the possibility of infrequent or 
subtle damage to the fetus. Ticarcillin should be used in pregnant 
women only when clearly needed. 


ADVERSE REACTIONS: The following adverse reactions may 
occur: skin rashes, pruritus, urticaria, drug fever. nausea. vomiting. 
anemia, throm openia, leukopenia, neutropenia. eosinophilia 
SGOT and SGPT elevations have been reported. Patients, especially 
those with impaired renal function. may experience convulsions or 
neuromuscular excitability when very high doses of the drug are 
administered. 

Local reactions at the site of injection have been reported 
Vein irritation and phlebitis can occur. particularly when undiluted 
solution is directly injected into the vein. 


DOSAGE AND ADMINISTRATION: Usual adult recommended dos- 
age in bacterial septicemia, respiratory tract infections. skin and 
soft-tissue infections, intra-abdominal infections and infections of 
the female pelvis and genital tract, is 3 grams by intravenous in- 
fusion every 3, 4 or 6 hours depending on weight and severity of 
infection; in uncomplicated urinary tract infections. 1 gram I.M. or 
direct I. V. q.i.d.; in complicated urinary tract infections. 3 grams q.i.d 
by I.V. infusion. 
Please consult official package insert for details on dosages for 
atients with renal insufficiency, children, neonates and directions 
Of use. 


Supplied: . 
1 Gm, 3 Gm and 6 Gm Standard Vials 
3 Gm and 6 Gm Piggyback Bottles 


Beecham 
laboratories 


BRISTOL TENNESSEE 37620 


Fifth Edition 





Rhoads 
TEXTBOOK OF 
SURGERY 


Principles and Practice 
& 


Edited by JAMES D. HARDY, M.D. 
with 279 contributors 





Although technically a Fifth Edition of Surgery: 
Principles and Practice, this revision is new in E 
title, editor, contributing authors, content, ap- 

proach, and format. It has been reorganized 

into three major parts: General Principles of 

Surgical Practice; Specific Lesions and Dys- 
functions Involving Various Organs; and 
Parasurgical Considerations. 


The approach is now problem-oriented and this 
outstanding volume considers virtually all 
current problems in surgery. 


More than 270 contributors give you an 
enormous geographical and philosophical range 

in one volume. Each is well known in his field 

and discusses management of a specific 
problem. Included in each of the hundreds of 

topics discussed are basic features of the opera- 

tion including a table of basic facts; an overview 

of the concept under discussion; description of 
specific pathological conditions; surgical 
history; physiology; a pathophysiological . 
diagram and an anatomical sketch whenever » 
feasible; many excellent illustrations of disease 
processes and treatment procedures; possible 
technical errors; safeguards; postoperative 
problems; and complications. 


2354 Pages / 1738 Illustrations / 313 Tables 
5th Edition, 1977 / One Volume Format: $45.00 
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the problem. 


Apprehension and reaction to 
pain make up the other very 
important half. And Synalgos-DC 
is the analgesic that treats both 
halves of the pain problem: 
Promethazine helps relieve ap- 
prehension and reaction to pain, 
while the analgesic components 
help relieve moderate to mod- 
erately severe pain: 

Synalgos-DC contains dihydro- 
codeine, a semisynthetic 
narcotic analgesic related to 
codeine, with multiple actions 
qualitatively similar to codeine. 
D status permits telephone 
prescriptions and authorized 
refills up to 5 times in 6 months 
(unless restricted by state law). 
Dual-action Synalgos-DC 
takes pain off the mind and 
the mind off pain. 


half 


"14 
i y 


E: 
ug TU 
| | ) | t e 0 em 
`` M LEA 


“INDICATIONS: Based on a review of this 
drug by the National Academy of Sci- 
ences— Natioríal Research Council and/or 
other information, FDA has classified the 
indications as follows: "Possibly" effective 


for the relief of moderate to moderately 
severe pain in those. situations where the 
physician wishes to add a mild sedative 
effect. Final classification of the less- 
than-effective indications requires further 
investigation. 


CONTRAINDICATIONS: Hypersensitivity to dihy- 
drocodeine, promethazine, aspirin, phenacetin. 
WARNINGS: Salicylates should be used with 
extreme caution in the presence of peptic 
ulcer or coagulation abnormalities. 

Drug Dependence: Dihydrocodeine can pro- 
duce drug dependence of the codeine type 
and therefore has the potential of being 
abused. Psychic dependence, physical depen- 
dence and tolerance may develop .upon 
repeated administration of dihydrocodeine, 
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Drocode (dihydrocodeine) bitartrate, 16.0 mg (Warning: May 
be habit-forming); promethazine hydrochloride, 6.25 mg: 
aspirin, 194.4 mg; phenacetin, 162.0 mg: caffeine, 30.0 mg. 


and it should be prescribed and administered 
with the same degree of caution appropriate 
to the use of other oral narcotic-containing 
medications. Like other narcotic-containing 
medications, dihydrocodeine is subject to the 
provisions of the Federal Controlled Sub- 
stances Act. Usage in Ambulatory Patients: 
Dihydrocodeine and promethazine may impair 
the mental and/or physical abilities required 
for the performance of potentially hazardous 
tasks such as driving a car or operating 
machinery. The patient using Synalgos-DC 
should be cautioned accordingly. Interactions 
with other Central Nervous System Depres- 
sants: Patients receiving other narcotic anal- 
gesics, general anesthetics, other phe- 
nothiazines, tranquilizers, sedative-hypnotics 
or other CNS depressants (including alco- 
hol) concomitantly with Synalgos-DC may 
exhibit an additive CNS depression. When 
such combined therapy is contemplated, the 
dose of one or both agents should be reduced. 
Patients who have demonstrated a hypersen- 


sitivity reaction (e.g. blood dyscrasia, jaun- 
dice) with a phenothiazine should not be 
reexposed to any phenothiazine, including 
Synalgos-DC, unless in the judgment of the 
physician the potential benefits of the treat- 
ment outweigh the possible hazards. Usage in 
Pregnancy: Reproduction studies have not 
been performed in animals. There is no ade- 
quate information on whether this drug may 
affect fertility in human males and females or 
has a teratogenic potential or other adverse 
effect on the fetus. Usage in Children: Since 
there is no experience in children who have 
received this drug, safety and efficacy in chil. 
dren have not been established. 

PRECAUTIONS: Phenacetin has been reported 
to damage kidneys when taken in large 
amounts for a long time. Promethazine should 
be administered cautiously to patients with 
cardiovascular or liver disease. Synalgos-DC 
should be given with caution to certain patients 
such as the elderly or debilitated, and those 
with hypothyroidism, Addison's disease and 





prostatic hypertrophy and urethral stricture. 
ADVERSE REACTIONS: The most frequently 
observed reactions include lightheadedness, 
dizziness, drowsiness, sedation, nausea, vomit- 
ing, constipation, pruritus, skin reactions, and 
rarely, hypotension. 

DOSAGE AND ADMINISTRATION: Dosage 
should be adjusted according to the severity of 
the pain and the response of the patient. Syn- 
algos-DC is given orally. The usual adult dose 
Is 2 capsules every 4 hours as needed for pain. 
DRUG INTERACTIONS: The CNS depressant 
effects of Synalgos-DC may be additive with 
that of other CNS depressants. See Warnings. 
Aspirin may enhance the effects of anticoagu- 
lants and inhibit the uricosuric effects of uri- 
cosuric agents. 

Consult direction circular before prescribing. 
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Different clinically...different 
physically...different chemically 


The first time you try AVITENE* (microfibrillar 
collagen hemostat) you will notice the difference. 
When you put it in contact with a bleeding surface, 
AVITENE adheres tenaciously. It attracts platelets, 
which adhere to its fibrils and undergo the release 
phenomenon which in turn triggers aggregation of 
platelets into thrombi in the interstices of the fibrous 
mass, initiating the formation of a physiologic clot. 


AVITENE interacts directly with the normal hemo- 
static mechanism (even in heparinized patients). This 
physiologic action is unique to AVITENE among all 
topical hemostats. 


For general and troublesome 
bleeding whenever a topical 
hemostat is needed 


The versatility of AVITENE makes it the topical 
hemostat of choice for practically any surgical proce- 
dure where there is general or troublesome bleeding. 


Apply AVITENE where there is diffuse or localized 
oozing, in areas inaccessible for suturing, and in pro- 
cedures (such as those involving friable organs or 
vessels) that could be compromised by cautery or the 
use of additional sutures. 


Properly handled, AVITENE is easily applied to the 
bleeding site by dry forceps, by specially prepared 
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Beginning of physiologicclot 


Hemostatic effect of Avitene as seen with scanning electron microscope. Courtesy JH Kennedy, MD, Baylor College of Medicine, Houston. 


Dramatic results in abdominal 
surgery 


AVITENE has an established reputation based on its 
spectacular hemostatic results where nothing else 
works; for example, in highly vascular organs such as 
liver and spleen. AVITENE provides hemostasis in a 
matter of minutes in bowel, pancreas and gallbladder 
procedures. With cessation of bleeding, the necessity 
for hepatic lobectomy or splenectomy is obviated, and 
the likelihood of incidental splenectomy is reduced. 


Works fast, saves time, saves blood, 


reduces costs, minimizes risks 


AVITENE usually stops bleeding within minutes... 
saves OR time...may reduce the need for added trans- 
fusions and the attendant risk of reactions and cross 
contamination...lessens the potential for complications 
of prolonged anesthesia...readily absorbed...does not 
interfere with the normal healing process. 


AVITENE 


(nicrof brilar colagen hemostat) 


The effective, versatile topical hemostat 


American Critical Care 
(formerly Arnar-Stone Laboratories) 
Division of 

American Hospital Supply Corporation 
McGaw Park IL 60085 








microf brilar collagen hemostat 


Brief Summary of Prescribing Information 


Description: Avitene** (microfibrillar collagen hemostat) is an absorb- 
able topical hemostatic agent prepared as a dry, sterile, fibrous, water in- 
soluble partial hydrochloric acid salt of purified bovine corium collagen. 
In its manufacture, swelling of the native collagen fibrils is controlled 
by ethyl alcohol to permit noncovalent attachment of hydrochloric acid 
to amine groups on the collagen molecule and preservation of the es- 
sential morphology of native collagen molecules. Dry heat sterilization 
causes some cross-linking which is evidenced by reduction of hydrating 
properties, and a decrease of molecular weight which implies some 
degradation of collagen molecules. However, the characteristics of colla- 
gen which are essential to its effect onthe blood coagulation mechanisms 
are preserved. 


Indications: Avitene is used in surgical procedures as an adjunct to 
hemostasis when control of bleeding by ligature or conventional pro- 
cedures is ineffective or impractical. 


Contraindications: Avitene should not be used in the closure of skin 
incisions as it may interfere with the healing of the skin edges. This is 
due to simple mechanical interposition of dry collagen and not to any 
intrinsic interference with wound healing. By filling porosities of can- 
cellous bone, Avitene may significantly reduce the bond strength of 
methylmethacrylate adhesives. Avitene should not, therefore, be em- 
ployed on bone surfaces to which prosthetic materials are to be attached 
with methylmethacrylate adhesives. 


Warnings: Avitene is inactivated by autoclaving. Ethylene oxide reacts 
with bound hydrochloric acid to form ethylene chlorohydrin. This product 
should not be resterilized. It is not for injection. Moistening Avitene 
or wetting with saline or thrombin impairs its hemostatic efficacy. It 
should be used dry. Discard any unused portion. As with any foreign 
substance, use in contaminated wounds may enhance infection. 


Precautions: Only that amount of Avitene necessary to produce hemo- 
stasis should be used. After several minutes, excess material should 
be removed; this is usually possible without the reinitiation of active 
bleeding. Failure to remove excess Avitene may result in bowel ad- 
hesions or mechanical pressure sufficient to compromise the ureter. In 
otolaryngological surgery, precautions against aspiration should include 
removal of all excess dry material and thorough irrigation of the pharvnx. 
Avitene contains a low, but detectable, level of intercalated bovine 
serum protein which reacts immunologically as does beef serum albumin. 
Increases in anti-BSA titer have been observed following treatment with 
Avitene. About two-thirds of individuals exhibit antibody titers because 
of ingestion of food products of bovine origin. Intradermal skin tests 
have occasionally,shown a weak positive reaction to BSA or Avitene 
but these have not been correlated with IgG titers to BSA. Tests have 
failed to demonstrate clinically significant elicitation of antibodies of 
the igE class against BSA following Avitene therapy. Care should be 
exercised to avoid spillage on nonbleeding surfaces, particularly in 
abdominal or thoracic viscera. Teratology studies in rats and raboits 
have revealed no harm to the animal fetus. There are no well-controlled 
studies in pregnant women; therefore, Avitene should be used in preg- 
nant women only when clearly needed. 


Adverse Reactions: The most serious adverse reactions reported which 
may be related to the use of Avitene are potentiation of infection in- 
cluding abscess formation, hematoma, wound dehiscence and media- 
stinitis. Other reported adverse reactions possibly related are adhesion 
formation, allergic reaction, foreign body reaction and subgaleal seroma 
(report of a single case). The use of Avitene in dental extraction sockets 
has been reported to increase the incidence of alveolalgia. Transient 
laryngospasm due to aspiration of dry material has been reported fol- 
lowing use of Avitene in tonsillectomy. 


How Supplied: In 1 gm and 5 gm sterile jars of sterile microfibrillar 
collagen hemostat, all contained in a sealed can. Sterility of the jar 
exterior cannot be guaranteed if can seal is broken. Content of jar is 
sterile until opened. 


*Avitene isa registered trademark of Avicon, Inc., distributed by American 
Critical Care, division of American Hospital Supply Corporation. 


:: (formerly Arnar-Stone Laboratories) 
Division of l 
American vq Supply Corporation 
McGaw Park IL 6008 
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ANVITENE 


Quick Reference To 
Surgical Emergencies 


Edited by Gerald W. Shaftan, M.D. 
and Bernard Gardner, M.D. 





This handy manual, packed with clinical data 
in easy-to-use outline form, is designed for in- 
stant use in helping you evaluate the surgical 
emergency, make the diagnosis and carry out 
the indicated treatment. 
Divided into two broad categories of trau- 
matic and non-traumatic surgical emergencies 
the book systematically covers: Techniques of 
evaluating the patient and applying diagnostic 
criteria... Radiologic procedures that are 
necessary ... Anesthesia considerations... 
Fluid and electrolyte replacement. 
The patient evaluating techniques, diagnostic 
steps and surgical treatment are presented 
step-by-step with each individual entry num- 
bered for simplicity. 
Subject matter includes emergencies occurring 
in the areas of general, orthopaedic, neuro- 
logic, ophthalmic, thoracic, plastic, urologic, 
head and neck, and pediatric surgery. 
All who are involved in surgical emergency 
treatment will appreciate this easy-to-use, 
time-saving manual. 
664 Pages è 50 Illustrations e 
Flexible Binding e 
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The Role of Various Risk Factors in Living 
Related Donor Renal Transplant Success 


WILLIAM W. PFAFF, M.D., RAYMOND A. MOREHEAD, M.D., ROBERT S. FENNELL, M.D., DONALD R. MARS, M.D., 


Assessment of living related donor (LRD) survival statistics 
offers the opportunity to gauge the effects of recipient char- 
acteristics without the perturbations of viability, function, 
and antigen Sharing that are inherent in cadaveric organ 
grafting. From January 1, 1969 to January 1, 1979, 167 


- LRD grafts were performed. Crude patient survival at one year 


is 92% and 84% at five years. Graft function at one year is 
79%, and at five years it is 64%. One year patient 
survival has steadily improved: 1969-73: 83%, 1973-75: 
91%, 1975-79: 98%. Graft survival improved during the 
first two periods and has since remained unchanged. 
HLA identical grafts showed the expected advantage com- 
pared with single haplotype grafts (93 vs 74%). Recipient 
age was without effect until 50 years, all younger sub- 
groups having one-year patient survival of 92-95%, while 
those older than 50 had a one-year survival of 60%. 
Juvenile diabetes was associated with a one-year patient 
survival of 85% and graft survival of 74%. Glomerulonephritis 
did not affect early graft survival statistics, but there was a 
greater frequency of graft loss after 2.5 years, with function 
at five years of 51 versus 68% for recipients with all other 
diagnoses. Cadaveric graft statistics vary with recipient 
race when adjusted to exclude older patients and diabetics, 
white recipient one-year graft survival 74%, black 38%. No 
meaningful difference exists among LRD recipients as to graft 
function, but there is a trend toward improved black patient 
survival. This suggests that there is not an inherent dif- 
ference in immune response to genetically similar grafts, 
but that the disparate results with racially mixed donor-re- 
cipient combinations rests with other factors. 


IDNEY ALLOGRAFT SURVIVAL varies among trans- 
K plantation centers. In general, European cadaver 
graft results sutpass American data. Many major 
metropolitan hospitals tend to report higher losses. 
The selection or referral of patient subgroups may 
result in higher or lower risk assemblage, depending 
on patient age,'? race,? duration on dialysis,* prior 
blood transfusion,?"? diabetes,*? and tissue match- 
ing.'!! Another variable is the qualities of the 
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grafted organ, differing with ischemic injury and 
anatomic anomalies or operative damage. The final 
variable is the professional care afforded, for there are 
multiple opportunities for error in patient preparation, 
operative management, immunosuppression, and rec- 
ognition and resolution of the complications that 
are inherent in this group of patients. We have 
reviewed our living related donor (LRD) transplan- 
tation series with the thought that the quality of the 
grafted organ and the consistency of professional 
management in a single center allows an accurate 
gauge of the effects of differences in the recipient 
population. 

Patients are referred to transplantation centers be- 
cause they are considered good risks or because they 
are doing badly and transplantation offers a desperate 
alternative to dialysis. In general, we have not 
performed LRD transplants in the latter group, 
choosing to use cadaver organs rather than to subject 
a living donor to nephrectomy with but a limited 
prospect for success. Beyond this restriction, we have 
been aggressive in seeking living donors to gain the 
benefit of lessened graft loss from both acute and 
chronic rejection. Our rate of organ transplants per 
100 dialysis patients is roughly two-fold the national 
average 17 versus 796.? 


Patient Population and Methods 


After a patient is accepted as a transplant candidate, 
family members are contacted to determine their 
willingness to serve as donors. Donors and recipients 
are tissue-typed. In recent years, mixed lymphocyte 
cultures have been added to aid in identifying 
antigen sharing among family members. Both donor 
and recipient are evaluated for renal and extra- 
renal disease. The donor is interviewed by a 
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Fic. 1. Patient and graft 
survival 1969-79. 





psychiatric team to ensure that his offer is well 

conceived and clearly on a volunteer basis. 
Recipients have been prepared with variable periods 

of hemodialysis. A few have had but one dialysis 
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immediately proceeding the transplant, but most have 
been maintained with dialysis for three to six 
months. Bilateral nephrectomy was performed for 
specific indications, i.e. uncontrollable hypertension, 


69-73 
Fic. 2. Patient survival rel- 
ative to period of trans- 
plant. 
9 10 
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persistent infection, polycystic renal disease and Initial immunosuppression has included azathioprine, 
ureteral reflux. Splenectomy has been limited to a 5 mg/kg on the day of operation and 2-3 mg/kg 
few patients with severe leukopenia. In this series, thereafter, seeking a maximal dose consistent with a 
we have avoided blood transfusion except for those normal leukocyte count. Prednisone dosage has varied 
patients with symptomatic anemia. with different protocols, but for the past four years 
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Fic. 4. Patient and graft survival—4 antigen vs 2 antigen grafts. 
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has been started at the time of operation at 2 mg/kg, 
tapering steadily thereafter to aim at a dose of 0.5 
mg/kg at one month. Most of the LRD recipients 
are ultimately adjusted to an alternate day schedule. 
Rabbit antihuman-thymocyte globulin (ATG) was first 
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FiG. 5. Patient and graft survival— 
pediatric recipients (3—20 years). 


used in a prospective study (1973-75). It was prepared 
and administered with techniques described by 
Mannick." It has since been used on a routine 
basis for all patients receiving single haplotype grafts. 

Rejection episodes have been managed with 
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increased corticosteroids. Graft irradiation has not 
been employed, nor have other antirejection drugs. 

One hundred sixty-seven LRD transplants have been 
performed from January 1, 1969 to January 1, 1979. 
Parents were the donors of 63 kidneys, offspring 
donated five kidneys and siblings provided the re- 
maining 99 kidneys. Fifty-six recipients were 3-20 
years old, 87 were 21—45 years old, 14 were 45-50 
years old and 10 patients were 51-60 years old. 
Sixteen transplants were second grafts, 11 recipients 
having rejected earlier cadaver transplants and five who 
lost living related donor grafts. Statistical evaluation 
was by lifetable analysis. 


Results 


Crude patient survival one year following trans- 
plantation is 92%, and after 5 years it is 84%. 
Graft function after one year is 79%, and after 5 
years it is 64% (Fig. 1). One year patient survival 
steadily improved from 83% in 1969-73, 91% in 
1973-75, 98% in 1975-79 (Fig. 2). Graft Survival 
(Fig. 3) improved in the second period, but has 
since remained unchanged. 


Haplotype Matching 


Patients receiving grafts from donors sharing two 
haplotypes (four antigen matches, unresponsive in 
mixed leukocyte culture) had very favorable courses 
(Fig. 4). There is a slight advantage in mortality 
risk in the first year that is probably best explained 
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by the reduced frequency of acute rejection, thus 
limiting exposure to high dose steroids to counter 
such events. Graft survival of fully matched trans- 
plants is 15-20% better than single haplotype trans- 
plants. In this series no four antigen matched graft 
was lost as a result of acute rejection, and late 
losses were generally the consequence of recurrent 
disease. 


Recipient Age 


Children and adolescents have been transplanted 
with the same success as the adult population 
(Fig. 5). The effect of age as a risk factor is not 
notable until the sixth decade (Fig. 6). Others 
have used 45 years as the point of discrimination.'* 
The subgroup of recipients 45—50 years has done 
nicely with 93% one- and two-year graft survival. 
Four of ten patients over the age of 50 died in the 
first six months after transplantation. Late mortality 
in this small group is also sizeable. 


Original Disease 


The most frequent diagnosis was glomerulonephritis, 
the general term applied to 80 patients (Fig. 7). The 
diagnosis was often not substantiated by adequate 
biopsy information prior to the onset of irreversible 
renal failure, but in that event was construed from 
clinical and laboratory features. Mortality did not 
differ from our general experience. Graft survival 
was identical at two years but there is a trend 
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Fic. 8. Patient and graft survival— graft recipients with juvenile 
diabetes mellitus. 


toward late graft loss. The estimated half-life of stable 
grafts (more than one-year posttransplant) is 5.5 years 
for recipients with glomerulonephritis, 10.5 years for 
all other patients. Objective assessment of post- 
operative biopsies is confounded by coexisting chronic 
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rejection or the inability to discriminate between 
chronic rejection and recurrent glomerulopathy. Yet 
recurrent disease seems to be a regular feature in 
two entities, rapidly progressive glomerulonephritis 
and membranoproliferative glomerulonephritis with 
electron dense deposits, a view shared by others.!® 
Even then, the onset and implications of recurrence 
are variable and are not necessarily associated with 
graft loss. 

Juvenile-onset insulin dependent diabetes was the 
cause of chronic renal failure of 22 recipients. This 
group was selected from a larger number of 
candidates. Those excluded were individuals with 
advanced major vascular complications or severe 
nutritional deficits, such that the probability of long- 
term survival was reduced to the point that em- 
ployment of a living related donor was deemed 
inappropriate. These patients were offered cadaveric 
grafts. Despite such selection, diabetic recipients 
have a significantly greater death rate, largely re- 
corded in the first year (Fig. 8). Graft rejection, 
however, is not disproportionate. Late non-fatal 
complications, particularly peripheral vascular dis- 
ease, are frequent. 


Race 


When corrected for other major risk factors, 
namely age and diabetes, current experience reveals 
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Fic. 10. Patient and graft 
survival—white recipients 
and black recipients ex- 
cluding patients older than 
50 years and diabetics, 
1969-79. 
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that black recipients have had a one-year CD 
graft survival rate of 38% and 74% in white 
recipients. There has been no difference in mortality. 

For all LRD graft recipients (Fig. 9) the mortality 
rate is significantly better for blacks, white graft 
survival is identical. When older recipients and 
diabetics are excluded, the mortality trend persists 
(Fig. 10). The mild differences in survival are not 
statistically different. Our most recent experience 
with the same exclusions show identity in both 
mortality and graft survival (Fig. 11) irrespective 
of recipient race. 


Discussion 


Improved statistics with gained experience was cer- 
tainly to be expected. The time periods that were 
chosen reflect, in large measure, changes in immuno- 
suppression protocols, particularly the introduction 
of ATG. This agent when studied in a prospective 
manner did not grant any advantage to single haplotype 
LRD recipients, however. Other factors may have had 
bearing, particularly the growing availability of dialysis 
as an alternative for an individual with a graft buffeted 
by repeated episodes of rejection. Accordingly patients 
- with a poorly functioning graft who were managed with 
increased immunosuppression in our early series are 
now returned to hemodialysis and prepared for a 
second graft. 

Genetic similarities expressed through HLA match- 
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transplantation. Despite identical immunosuppression 
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morality of accepting related donors must be con- 
tinually brought into question, these differences have 
allowed sufficiently improved rehabilitation that we 
continue to seek family volunteers. 

The impact of age and renal failure with attendant 
hypertension on the vascular tree might well be ex- 
pected to result in increased mortality from surgical 
procedures. The small group of older patients generally 
sought renal transplants to escape the frustrations 
and limitations of maintenance hemodialysis, and were 
fully acceptable with the expectation that they had high 
individual promise for success. Perhaps the lesson to 
be learned from this experience is to further temper 
immunosuppression, particularly prednisone dosage, 
in older recipients, for it is not the surgical procedure 
that results in death, but septic and vascular com- 
plications. The latter are generally beyond our control, 
the former are not and likely correlate with dosage of 
immunosuppressive agents. 

While mortality is noted among diabetic recipients, 
many individuals have returned to their occupations 
and activities, particularly those who do not have 
ocular complications. More than any subgroup, suc- 
cessful transplantation serves as a temporary respite, 
albeit lengthy in younger patients, for continued 
extrarenal vascular degeneration proceeds apace, 
conceivably worsened by the heightened glucose intoler- 
ance that is associated with prednisone administration. 

The subtyping of glomerulonephritis, fostered by 
increasing availability of electron microscopy and 
immunofluorescent studies, has increased the fre- 
quenty of specific preoperative diagnosis of that 
heterogenous group of patients labelled as having 
glomerulonephritis. The origins of this disease are 
usually vague, the means of management limited and 
the natural course variable. Lacking means to routinely 
deal with the primary disease, it is not surprising that 
recurrence would be encountered in transplanted 
organs. While all patients labelled with the general 
diagnosis of glomerulonephritis do not have signifi- 
cantly greater graft loss, the trend for late failure is 
evident and is influenced by patients with rapidly 
progressive and electron dense membranoproliferative 
glomerulonephritis. The absolute frequence of recur- 
rence is hidden by lack of accurate early diagnosis in 
many transplant candidates, but there seems little 
doubt that we should now identify those subtypes prone 
to recur and give consideration to cadaver rather than 
LRD grafting. 

There has been a long held informal opinion that 
black cadaveric graft recipients had an unusually high 
failure rate. This was supported by Opelz,? but refuted 
by Diethelm.'* Our own cadaveric graft experience 
shows no difference in crude survival statistics. When 
analyzed to exclude juvenile diabetes and elderly 
recipients, white CD recipients have nearly a two-fold 
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improved graft survival (74 vs 38%) at one year. Thus, 
our cadaver organ recipients include disproportionate 
numbers of reasonably healthy black recipients and a 
larger frequency of older or diabetic white recipients. 

The greater homogeneity of LRD recipients is such 
that exclusion of higher risk groups does not have a 
perturbing effect. For the entire decade, the pattern 
is one of better black patient survival and identical 
graft survival. While this suggests a greater incidence 
of late graft loss among blacks, the difference in graft 
survival among surviving patients is not statistically 
significant. Further, current experience shows no dif- 
ference in LRD patient or graft survival. 

While a host of factors might give explanation for 
the differences that exist in a multi-institutional study, 
including patient selection and differing racial dis- 
tribution, varied quality of patient care and the lack of 
major differences in LRD survival between black and 
white recipients from the same institution suggests that 
immune differences may be responsible. The associ- 
ation of improved black patient survival and lessened 
graft survival is in keeping with greater immune com- 
petence. This may be inherent or result from differing 
metabolism of immunosuppressive agents. The negli- 
gible difference in survival statistics in LRD's when 
compared with the marked differences in similar risk 
CD recipients suggests that donor-recipient antigen 
disparity must play a role. 

At this point, the role of any given antigen system, 
whether in the classical histocompatibility locus or 
other loci, is speculative. There is evidence that the 
Lewis system may be involved in graft rejection," and 
further, that Lewis negativity is more frequent in 
blacks.'* Certainly there are a number of other antigens 
that have not been recognized and that may bear 
responsibility. 


Summary 


Living related donor renal transplantation can be 
performed with minimal operative risk. Current patient 
survival is 100% at one year, graft survival 80%. Over 
the decade there has been a steady improvement in 
mortality statistics, less improvement in graft loss due 
to rejection. Recipient age is not associated with 
increased risk until the fiftieth year is exceeded. 
Survival statistics are otherwise uniform for all age 
groups. 

Living related donor grafts for management of renal 
failure in diabetics has had a one-year patient survival 
of 85%, graft survival 73%. While glomerulonephritis 
has not had an early impact on renal function, there has 
been late increases in graft loss. 

When adjusted for the other risk factors, cadaver 
graft survival is less in black than white recipients. 
However living related donor graft survival is identical 
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in black and white recipients; and therefore suggests 
that antigen disparity may be a causative factor in 
lessening cadaver graft survival in blacks. 
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DISCUSSION 


DR. ARNOLD G. DiETHELM (Birmingham, Alabama): I would like 
to emphasize three points, and then ask two questions. 

First, I think its important to recognize the excellent patient 
survival in their experience since 1975. Their patient survival of 
98% is important because it demonstrates that transplantation in 
their experience has less risk than dialysis itself. 

The second point I'd like to emphasize is the excellent results 
obtained in a four-antigen match. That is, if you have a 4 antigen 
match, in our experience and, I believe, in Dr. Pfaff's, there would 
be a 90 to 95% five-year graft survival. That far exceeds patient 
survival in patients with carcinoma of the breast, colon. stomach. 
and lung. 

It is important to emphasize that the side effects of rejection 
cause the mortality in transplantation through the use of high-dose 
corticosteroids. Therefore, the common denominator in the 4 antigen 
match is that they do not reject, and thus require a low-dose steroid 
level to maintain graft function. 

Now, the question about race is an interesting and difficult 
problem in regard to transplantation. We have examined this 
question at three separate times during our transplant experience, 
the most recent with 345 consecutive patients with a one-year 
follow-up. 

In that particular patient group, 126 of those 345 were black. and 
when we analyzed the data in regards to black and black related 
and cadaver donors, white to white related, and cadaver donors 
and crossing cadaver kidneys from one race to another we could find 
no difference between the white race and the black race in terms 
of graft survival or patient survival. 

This is quite different from the data that was just mentioned by 
Dr. Pfaff, and the pooled collected data by Dr. Terasaki obtained 
from multicenters around the country. It's also different from that 
reported in the large metropolitan centers. 

It would be important to examine the source of the donor kidney 
in Dr. Pfaff's black cadaver group. In other words, how many of 
those black cadaver recipients received black donor kidneys, and 
vice versa? 

The obvious explanation that there may be some antigenic 
differences between races is possible but at present little data is 
available to support this concept. 
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I would like to ask two questions. First, what are yours thoughts 
as to the explanation concerning the different graft survival between 
the black and the white race? 

Second, what criteria do you use to exclude the diabetic patient 
from transplantation and the patient over the age of 50? 


DR. WiLLIAM W. Prarr (Closing discussion): I could only agree 
with Dr. Diethelm regarding the choice between transplantation 
and dialysis, basing that on risk alone. In the State of Florida in 
1978 the mortality for all patients being dialyzed was 19%. We could 
blame that, I suppose, on the large number of elderly individuals 
who retire to the State and have dialysis, but in truth some prelimi- 
nary data suggests that the higher-risk group is the youngest age 
group. And, of course, in transplantation they form our very 
best group. 

We have sought all of the reasons why the black and white patient 
population might do somewhat differently, and our black and white 
patients are handled in exactly the same fashion in our institution. 
The fact that their mortality rate is less confirms that. 

There are other possible explanations that are more difficult to 
search; in particular, the handling of the immunosuppressive agents 
might differ among races; but this is going to require pharmacologic 
and metabolic studies that we need to get under way. 

As to the selection of patients who have juvenile diabetes as a 
cause of end-stage renal disease, almost all of these patients are 
considered transplantation candidates, because of the yet worse 
survival figures on dialysis. I can only say that it's a rather complex 
and combined clinical guess as to whether or not a perfectly normal 
individual donor should be subjected to a major operative procedure 
in order to give his or her relative a kidney. I don't think I could 
list those in any mathematical fashion. 

Above the age of 50, we probably have been guided very heavily 
by referral patterns, but again using the same kind of general 
assessment: Should an individual be subjected to the immediate, 
perhaps higher risks of transplantation? Again, I can't come up with 
any hard figures on how we do that and when we do that, any more 
than we would judge those same factors for any other operative 
procedure. 
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A study of 100 patients from 14 months through 18 years of 
age with extrahepatic biliary tract conditions who have been 
treated from 1950 through 1979 is reported. For discussion, 
these have been classified into four groups including acalculous 
cholecystitis, nonhemolytic cholelithiasis, hemolytic cholelithi- 
asis and stenosis of the common duct. Ninety-nine patients 
were operated on and there were no deaths. Except for 
unusual contraindications, cholecystectomy is preferred for 
acute noncalculous cholecystitis. The largest number having 
gallstones were those patients (87%) without hemolytic 
disease. Only 13% had an associated hemolytic disorder. 
Cholecystectomy is the preferred treatment and common duct 
exploration is utilized when indicated. Six children with chronic 
relapsing pancreatitis secondary to stenosis of the ampulla of 
Vater and two with common duct stenosis are analyzed. Al- 
though extrahepatic biliary disorders are usually not con- 
sidered in the differential diagnosis of children and adolescents 
with vague abdominal pain, it is evident by this large number 
of patients that there should be greater emphasis placed on 
earlier diagnosis in the future. 


HE CHARACTERISTICS OF BILIARY tract disease have 
been well documented through the years for 
adult patients. During the past 15 years several authors 
have called attention to the similarity of symptoms 
and physical findings in children and adults with gallblad- 
der disease with or without stone formation. !?:?:15.2425.33 
However, many surgeons and pediatricians apparently 
have not seen nor do they readily consider the possi- 
bility of acute cholecystitis, cholelithiasis or stenosis 
of the common duct in young patients who present 
with vague right upper quadrant pain. Perhaps one 
reason for this hesitation is the fact that emphasis was 
placed earlier on the belief that hemolytic disease is a 
necessary prerequisite of stone formation in children 
and adolescents.'*'***9 A review of our experience 
reported in 1966 from this institution called attention 
to the increasing number of children and teenagers 
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being diagnosed as having extrahepatic biliary con- 
ditions who presented with unexplained abdominal 
symptoms.** Since that time collective reviews from 
institutions in this country and Europe have empha- 
sized the increasing discovery of gallbladder and 
common duct diseases in children. 


Clinical Material 


A retrospective study of 100 patients 18 years of age 
and under with extrahepatic biliary tract conditions 
has been conducted at Vanderbilt Medical Center and 
its affiliated hospitals. This group includes patients with 
acalculous cholecystitis, cholelithiasis and common 
duct obstruction secondary to stones or stenosis with or 
without pancreatitis. Biliary atresia and choledochal 
cyst have not been included. This study incorporates 
44 patients seen from 1950 through 1965 and reported 
in 1966** with the addition of 56 new patients treated 
since that time. One hundred patients between the ages 
of five weeks and 18 years, all but one of whom were 
operated on for extrahepatic biliary tract disease, have 
been evaluated. These patients are divided into four 
major groups as seen in Table 1. 


Acalculous Cholecystitis 


Seven patients aged 14 months through 15 years were 
found to have marked inflammatory disease of the gall- 
bladder without stones. There was a male to female 
patient ratio of 5:2. Their symptoms and operative 
findings are listed in Table 2. A mistaken diagnosis of 
acute appendicitis was made in three boys preopera- 
tively whose symptoms were less than 48 hours’ dura- 
tion. Both the 6- and the 10-year-old girls complained 
of intermittent pain in the right upper quadrant and 
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TABLE 1. Extrahepatic Biliary Tract Disease in 100 
Children and Adolescents 


Number Per Cent 

Group Patients of Total 
I. Noncalculous cholecystitis 7 7 
II. Cholelithiasis (nonhemolytic) 74 74 
IH. Cholelithiasis (hemolytic) 11 11 

IV. Stenosis 

common hepatic duct 2 2 
common duct, ampulla 6 6 





cholecystogram identified a nonfunctioning gall- 
bladder. Jaundice was not noted in any of these patients 
although this has been reported by others to be an 
accompanying feature of this disease.?®?2-33-40:41 Fever, 
nausea, vomiting, diarrhea, dehydration and marked 
subhepatic tenderness were the most prominent 
findings. 

At operation the gallbladder was inflamed, markedly 
distended in each, and did not collapse with manual 
compression. Gangrenous changes without perforation 
were observed in one 14-month, one 11-year and one 
15-year-old boy. A small tortuous cystic duct was found 
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to contribute to the obstruction in two patients sug- 
gesting a possible congenital anomaly. Considerable 
edema with bile staining was observed in the retro- 
peritoneal tissues surrounding the common duct and 
head of the pancreas in each patient. Bile culture re- 
sulted in heavy growth of Escherichia coli in the 
14-month-old infant who was septic with severe 
diarrhea (Table 2). 

Cholecystectomy was performed in each patient. 
There were no immediate postoperative complications 
and all have remained symptom free except for one 
15-year-old boy who three years following the chole- 
cystectomy developed pancreatic calculi and required 
a distal pancreatic resection (Peustow). He, like his 
father, was found to have hereditary pancreatitis. 

Acalculous cholecystitis has been described by 
others in association with many different conditions, 
including sepsis, burns,” trauma,*?* and following 
other operative procedures.''“? Obstruction of the 
cystic duct with gallbladder distention from enlarged 
lymph nodes, congenital narrowing or tortuosity have 
been mentioned as contributing causes of chole- 
cystitis. '”?440 The two factors which seem to be most 


TABLE 2. Acalculous Cholecvstitis in Children 
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Age 

(yr.) Follow-up 
Patient and Sex Symptoms Preoperative Findings Operative Findings Study 
[. A 1.3, M Tender mass, RUQ, Temp. 103, WBC 18,100 per cu mm  Distended inflamed gallbladder, No symptoms 


dehydration, diarrhea 


Pain in right upper quadrant 
for 24 hr with muscle guarding. 
Suspected appendicitis. 


WBC 20,000 per cu mm 
with 82% segmented 
neutrophils. 


cholangiogram, normal duct, 
culture bile: heavy E. coli. 


Distended, inflamed gallbladder, 
cystic duct very tortuous, and 
cholecystogram showed cystic 
duct obstruction before 
mobilization. 


No symptoms 


A 


P.A. 


Two weeks’ pain RUQ, nausea, 
vomiting. 


Intermittent colicky pain in right 
upper quadrant. Appendectomy 
one year before for right 
abdominal pain with normal 
appendix. 


Right-sided abdominal tenderness 
for 12 hr., nausea and vomiting. 
Suspected appendicitis 


Pain and tenderness in right 
upper quadrant for 48 hr. 
Suspected appendicitis. 


Severe upper abdominal pain with 
nausea. 


Nonfunctioning gall- 
bladder. WBC 9,400 
per cu mm. 


Nonfunctioning gall- 
bladder on two 
OCCaslons. 


WBC 17,000 per cu mm 


WBC 10,500 per cu mm; 


total bilirubin 0.55 
mg/dl 


WBC 14,500; amylase- 
normal. Father has 
familial pancreatitis 
with stones. 


Distended, inflamed gallbladder. 


Dilated, inflamed gallbladder with 
small cystic duct. Mucosa 
normal. 


Gangrenous, edematous 
gallbladder, normal appendix. 


Edematous gallbladder with 
ulceration of mucosa. Acute 
cholecystitis. 


Gangrenous cholecystitis. 


No symptoms 


No symptoms 


No symptoms 


No symptoms 


Three years later 
required distal 
pancreatectomy 
for pancreatic 
stones 
(Peustow ). 
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Fic. 1. Age and sex of 74 children and adolescents with non- 
hemolytic cholelithiosis. 


important in producing cholecystitis are partial or 
complete obstruction of the cystic duct and subsequent 
development of acute inflammation. Other contribu- 
tory factors include dehydration, bile statis and an 
accompanying septic disease. 

While only one of our patients had an associated 
disease, a 14-month-old child with severe diarrhea, 
sepsis and dehydration, Ternberg and Keating dis- 
covered a history of illness preceding cholecystitis 
in 45/74 patients (60%).*° It is of interest that jaundice 
was present in 30% who had a preceding illness but 
in only one patient without a separate primary disease. 
Unfortunately, acute cholecystitis is often over- 
shadowed by associated diseases and the correct pre- 
operative diagnosis is frequently overlooked. "° 

Differentiation. from hepatitis, choledochal cyst, 
peritonitis or an acutely inflamed appendix located in 
the subhepatic area is difficult but usually can be done 
if the clinician maintains a high index of suspicion for 
inflammation of the gallbladder. Diagnostic studies 
including cholecystogram and abdominal ultrasound 
will be of assistance. 

Since perforation of the gallbladder from gangrenous 
changes is always possible,'???*? we have concluded 
that this condition should be managed by abdominal 
exploration rather than by nonoperative treatment. AI- 
though cholecystostomy has been reported with some 
success,"" we prefer cholecystectomy. This procedure 
can be accomplished safely and without delay even in 
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children who are seriously ill. In those patients with 
jaundice, common duct exploration is not indicated 
unless the duct is dilated. Cholangiography by injection 
of the dilated gallbladder or with cannulation of the 
cystic duct may be of value in such situations. Jaundice 
and symptoms usually subside promptly following 
removal of the gallbladder. 


C holelithiasis 


Seventy-four young patients in this study without 
hemolytic disease were proven to have cholelithiasis. 
Ages ranged from five through 18 years (Fig. 1). The 
sex ratio is overwhelmingly female with 69 girls to five 
boys. Racial distribution is predominantly Caucasian 
with only 12 blacks. A family history was positive in 
only five instances. An additional 11 children were 
found to have gallstones associated with hemolytic 
disease or a total of 85 children and adolescents with 
all types of cholelithiasis. 


Nonhemolytic Cholelithiasis 


Of 74 patients with idiopathic gallstones, the pre- 
dominant symptom in 38 was epigastric and/or right 
upper quadrant pain. This pain radiated to the sub- 
scapular region in 23 additional patients and the right 
lower quadrant simulating appendicitis in six children. 
The remaining seven had no symptoms. Nausea and 
vomiting occurred in 22 and intolerance to fatty foods 
was experienced by 16 patients. Twenty-five girls were 
overweight. A total of 38 patients experienced symp- 
toms for three months or less and 18 for six months 
before the diagnosis of cholelithiasis was made. It is 
disturbing that gallbladder disease existed for one to 
four years in 17 (23%) patients, one of whom was 
mistakenly told she should see a psychiatrist because 
she did not have an organic disease. 

It has been claimed that it is difficult to find docu- 
mented evidence of cholelithiasis in children in the 
absence of a hemolytic process. In the present study, 
however, we have found 14/74 children between five 
and 15 years of age with gallstones and no evidence of 
hemolysis. The symptoms and findings of these 14 
young children are detailed in Table 3. It is of interest 
that the 5-year-old boy who complained of intermittent 
episodes of pain in his right subcostal area for four 
months very likely would not have been diagnosed 
because of his young age if radiopaque stones had not 
been noted on the abdominal films. The remaining 60/74 
patients in this group were teenagers between 16 and 
18 years of age. 

Pregnancy was recorded in 45 (65%) of the 14—18- 
year-old girls with cholelithiasis. None was found to 
have hemolytic disease. Thirteen teenagers initially 
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TABLE 3. Details of 14 Children 15 Years and Younger with Nonhemolytic Gallstones 
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Age 
(yrs.) Symptoms 
and o —— 
Patient Sex Findings Operation Pathology Convalescence 
l: CPF. 5,M 4mo. colic, sickle prep negative Cholecystectomy, Cholelithiasis Hydrops GB Uneventful 
a cholangiogram 2 stones, "milk calcium” 
Radiopaque G. stones Appendectomy 
2. L.G 9,F Intermittent jaundice, pain Transduodenal Dilated common duct Developed common 
since age 3 sphincteroplasty and duct stones 9 yrs. 
———— removal stone ampulla later 
Bil. 6.5 mg/dl, Amylase 757 
Somogyi 
INL It; F Pain— subcostal, radiate to back, Transduodenal Dilated common duct Uneventful 
jaundice 10 days sphincteroplasty. 
Removal stone 
ampulla 
4. D.P IL F Subcostal pain 18 mo. Intolerance Cholecystectomy. Dila- Dilated common duct and Uneventful 
fat foods tation sphincter Oddi, stone ampulla 
appendectomy Cholelithiasis 
5. J.U 11, F J Subcostal pain 10 mo. Cholecystectomy, Cholecystitis 3 stones, Uneventful 
Cholecystogram nonfunctioning; appendectomy largest 5 mm 
ultrasound — stones 
6. R.H 12, F Subcostal pain 2 yrs. Cholecystectomy, Cholecystitis, multiple small Uneventful 
Some N&V appendectomy stones 
Radiolucent stones, O.C.G.,25 lbs. 
overweight. 
7. S.B I3, F Colic Pain, N&V, Diarrhea 10days, Cholecystectomy, Cholecystitis, common duct Uneventful 
Pancreatitis. Amylase 211 cholangiogram, normal, 2 large 1.5 cm. 
(K.A.), radiolucent stones, appendectomy stones and numerous 
O.C.G. Obese small 
8. W.G 13, M Subcostal pain 4 mo. Radiolucent Cholecystectomy, Cholecystitis, many small Uneventful 
stones O.C.G exploration CD—No stones 
stones 
9. LI 14, F Dull epigastric pain—3 mo. Fat Cholecystectomy, Cholecystitis, 40 1-2 mm Uneventful 
Intolerance appendectomy stones 
Radiolucent stones, O.C.G. 
IE C.C 14, F  Subcostal back pain 5 mo. Started Cholecystectomy, Cholecystitis, multiple small ^ Uneventful 
just after baby born. Fat cholangiogram stones 
intolerance 
II. AC IS, F Epigastric & back pain last Cholecystectomy, Cholecystitis, multiple Uneventful 
trimester. Delivered baby 7 wks. appendectomy stones, 2-4 mm 
PTA. Radiolucent stones, O.C.G 
iz... C. V. I5, F  Subcostal painintermittentfor 1 yr. Discharged to return for 
Radiolucent stones O.C.G cholecystectomy 
I3. EL. B. I5, P Subcostal pain | yr Cholecystectomy, Acute cholecystitis, many Uneventful 
— appendectomy small stones 
Opaque stones, WBC 19,850 
14. C.F 15, M  Subcostal Pain 3 mo Cholecystectomy, Common duct normal Uneventful 


Nonvisualization with O.C.G., 
Ultrasound stones 


appendectomy, 
cholangiogram 


hydrops gall bladder stone 
impacted cystic duct 





developed symptoms during pregnancy, 23 within six 
months of delivery and nine experienced symptoms 
more than six months postpartum. This high percentage 


(6596) of girls with gallstones associated with pregnancy 
in the present group is similar to that reported in 1966.74 
The leukocyte count in this group of 74 patients was 
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elevated above 10,000/mm? in only 12 children. In 11 
patients the total serum bilirubin level was greater than 
1.2 mg/dl; the remainder had normal values. The serum 
cholesterol was elevated in only two 16-year-old girls 
being 287 mg/dl and 320 mg/dl respectively. 

Radiographic evaluation identified radiopaque cal- 
culi in 20 patients and radiolucent stones in 35. The dye 
failed to concentrate in nine patients. Intravenous 
cholangiogram or ultrasonic studies were used to con- 
firm stones in this group. The remaining patients had 
outside roentgenograms made and were not available 
for review. 

Cholecystectomy was performed in 73 nonhemolytic 
patients. One 15-year-old girl was discharged after 
cholecystogram revealed stones and she will return 
later for operation. Incidental appendectomy was per- 
formed 21 times. Operative cholangiogram was ob- 
tained in 21 patients and this study was helpful in 
identifying stones in the common duct or areas of 
stenosis. Common duct exploration using the accepted 
criteria for adults was thought necessary in 16 of these 
patients. A stone was found in the distal common 
duct in five girls, ages nine years (1 patient), 11 years 
(2 patients) (Table 3) and 18 years (2 patients). Trans- 
duodenal sphincteroplasty or dilatation of the sphincter 
was required to remove the impacted stone in each 
instance. In this group of 73 patients operated on for 
cholelithiasis, there were no deaths. Two wound in- 
fections occurred. One girl developed intestinal ob- 
struction from adhesions and required another opera- 
tion for lysis three years later. Only one 9-year-old 
girl developed a common duct stone postoperatively 
(Table 3). Follow-up studies revealed that all patients 
were able to eat a regular diet without discomfort or 
dyspepsia. 

Histologic studies revealed acute inflammation in 
only three gallbladders. Chronic cholecystitis with 
scarring and thickening was observed in 56 gall- 
bladders. A normal mucosa was found in two instances 
in spite of the presence of stones. Cholesterolosis was 
evident in three patients. Hydrops of the gallbladder 
with a stone impacted in the cystic duct was found on 
four occasions. '' Milk of calcium’’ was found in two 
girls, 11 and 18 years of age. The gallstones were com- 
posed of cholesterol primarily and varied in color from 
pale yellow to dark yellowish brown with a few having 
a greenish tint. The calculi were predominantly 1—5 
mm in diameter in 45 patients, 0.5—3.0 cm in 19, al- 
though on occasions a larger stone was mixed with some 
of the smaller ones. The size was not recorded in the 
remainder. 

Six teenagers in this group were originally admitted 
with acute pancreatitis. Following investigative studies, 
they were found to have cholelithiasis. All six girls 
were from 13 through 18 years of age. Three were post- 
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partum and three were obese. None were clinically 
jaundiced. The acute pancreatitis was allowed to sub- 
side and cholecystectomy was performed later in each 
patient. No stones were found in the common duct of 
any of these girls, although operative cholangiograms 
were obtained in four and the duct was explored in two. 
Pancreatitis did not recur and convalescence was un- 
eventful. 

Discussion 

Although cholelithiasis is usually considered to be a 
condition that occurs in adults, it has been known to 
exist in the pediatric age group for over 240 years. Per- 
haps the first description of gallstones in a child in the 
English literature was recorded by Gibson in 1737.'? 
This Edinburgh surgeon reported the case of a 13-year- 
old boy who was examined by him 13 months following 
trauma to the right side of his chest. Gibson described 
removing "three Scotch pints of water of a greenish 
hue’’ by paracentesis from the child's abdomen. Two 
days later the patient died and autopsy revealed a dis- 
tended common duct filled with many spongy, yellow 
stones. Little interest in this subject was evident until 
Potter's report appeared in 1938. Ulin et al. com- 
pleted a comprehensive study of cholecystitis in children 
in 1952 and accepted 326 cases reported in the literature 
as having a valid diagnosis.'! Most individual re- 
views, however, have contained reports of fewer than 
30 patients. One of the youngest patients, a 6-week-old 
infant with a perforated gallbladder and stones in the 
common duct, was reported by Snyder et al.” This 
baby had a normal osmotic fragility test. 

Early in the twentieth century, typhoid fever was 
thought to be a common cause of cholecystitis but 
this occurrence is so infrequent today that it is not a 
significant factor. Various congenital anomalies of the 
cystic duct have also been implicated in gallstone 
formation. Glenn and Hill suggested that dehydration 
and biliary stasis with bile concentration promote stone 
formation. Small is of the opinion that the liver 
secretes bile supersaturated with cholesterol which is 
precipitated in the gallbladder where this substance 
contributes to the production and continued growth 
of cholesterol stones.?* In a study of 27 children under 
16 years of age with nonhemolytic cholelithiasis, 
Hagberg et al. discovered low serum lipid values in 
each of these children.'? Also, these authors deter- 
mined that hypercholesterolemia did not seem to be an 
etiologic factor causing gallstones in childhood. 

Several reports have suggested a relationship be- 
tween gallbladder disease and obesity. The association 
of obesity with nonhemolytic cholelithiasis was found 
in 33% of our patients. 

Peterson, as early as 1910, called attention to the 
frequent association of pregnancy to gallbladder 
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disease in adults.” Other reports in recent years have 
emphasized the high incidence of gallstones developing 
in parous teenagers.'??*?? Indeed, pregnancy has been 
determined to be cholestatic.? Gallstones have been 
produced in rabbits experimentally by the prolonged 
injection of progesterone and estradiol simulating the 
hormones manufactured by the placenta during preg- 
nancy.” Whether the placental hormones decrease 
cholesterol solubility or relax smooth muscles of the 
common duct allowing regurgitation of pancreatic and 
duodenal secretions is not known. Whatever the 
physiologic mechanism, pregnancy and obesity seem to 
accentuate any metabolic defect or hereditary pre- 
disposition for gallstone formation. 

While it is doubtful that the exact mechanism of 
gallstone formation can be identified as a single factor, 
at present it must be thought of as a combination of 
interacting. processes including dehydration, endo- 
crine, transient hepatic dysfuntion, hereditary, dietary, 
inflammatory and sex related influences which affect 
the composition of bile. 

Oral cholecystography is the preferred diagnostic 
test and should be used more often in combination 
with gastointestinal series in young children and 
teenagers who complain of epigastric or subcostal dis- 
comfort and dyspepsia. This would reduce the delay 
from the onset of symptoms to operation which ranged 
in this group from one to four years in 2346 (17) of the 
patients. Although nonvisualization of the gallbladder 
Is strong, presumptive evidence of disease, it is not 
definitely diagnostic. However, additional investi- 
gative procedures such as abdominal sonography and 
intravenous cholangiography should determine the 
presence or absence of gallstones with reasonable 
accuracy. 

Cholecystectomy is advised for young patients re- 
gardless of the cause or the age at onset of symptoms 
except for those with congenital heart disease or other 
serious illnesses who are a greater risk. We have no 
enthusiasm for leaving a gallbladder intact when stones 
are present, even though they may be small enough 
to pass down the common duct.? Operative cholangio- 
grams are often of great value to the surgeon and 
should be obtained if there are small gallstones, history 
of jaundice or dilatation of the common duct. If the 
common duct is dilated, contains a palpable stone or 
If one is suspected from the operative cholangiogram, 
the surgeon should not hesitate to explore the duct 
in children or teenagers provided this is done with 
extreme caution. 


Cholelithiasis and Hemolytic Disease 


In addition to the 74 patients mentioned above, there 
were nine girls and one boy with spherocytosis and one 
girl with sickle cell disease. Ages of the children with 
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spherocytosis ranged between six and 15 years with an 
average of 9.8 years. The girl with sickle cell disease 
was 17 years old. Four of the 10 were jaundiced at 
operation. Gallstones were calcified and seen on plain 
roentgenograms in four children. Cholecystogram 
identified radiolucent stones in four others. Stones 
were palpated by the surgeon during splenectomy in 
two children which prompted him to proceed with 
cholecystectomy. One girl at age five years had a 
splenectomy for spherocytosis but no stones were 
palpated in the gallbladder during the operation. Ten 
years later she was referred to a urologist because of 
back pain and was found to have a normal renal col- 
lecting system but radiopaque gallstones were ob- 
served. Cholecystectomy was performed without 
incident. Because abdominal pain associated with 
sickle cell crisis may resemble acute cholecystitis, 
it is advisable to obtain a cholecystogram or ultrasonic 
study in any patient with known sickle cell disease 
who experiences abdominal discomfort.! Similar 
studies should be performed for children over four 
years of age who undergo splenectomy for spherocytosis. 

Various anemias such as spherocytosis, sickle cell 
anemia and thalassemia are well recognized conditions 
associated with gallstone formation. However, chil- 
dren with these anemias constituted only 13% of the 
patients with cholelithiasis in this series. This finding 
is not in agreement with others who have maintained 
that the most common cause of cholelithiasis in child- 
hood is a hemolytic process. !? 1425-28-3439 When splenec- 
tomy is performed the gallbladder should be palpated 
routinely and if stones are present simultaneous 
cholecystectomy is indicated. The combined operation 
of splenectomy and cholecystectomy was not associ- 
ated with mortality or significant morbidity in this 
group of ten children. An upper midline or long, left 
subcostal incision proved satisfactory in performing 
both procedures. With the anesthesia expertise cur- 
rently available and proper supportive measures, 
simultaneous removal of the spleen and gallbladder 
is indicated rather than staging these operations. 


Stenosis of Common Duct 
Stenosis of Ampulla of Vater 


Over the last eight years we have encountered six 
children with ampullary obstruction associated with 
chronic relapsing pancreatitis where the presenting 
finding in all but one child was jaundice (Fig. 2). Due 
to the absence of severe pain, pancreatitis was not 
suspected initially. These six cases have been analyzed 
in order to determine the ideal diagnostic and thera- 
peutic approach to this condition (Table 4). 

Clinical Material. Five boys between the ages of four 
months and eight years and one 9-year-old girl have 
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FiG. 2. Schematic drawing indicating location. ages and sex of 
children with stenosis of the common duct. 


been evaluated. Four of the six patients had only mild 
abdominal pain either with or without nausea and 
vomiting, and in only one instance was the pain con- 
sidered to be clinically significant. Two patients had 
no abdominal complaints whatsoever. Five of the six 
children had clinical jaundice and all had elevation in 
serum bilirubin ranging from 1.0 to 14.7 mg/ml. The 
pattern was one of conjugated hyperbilirubinemia with 
elevation in alkaline phosphatase indicative of ob- 
structed jaundice. However, the jaundice was charac- 
teristically intermittent and with such mild symptom- 


HOLCOMB, O'NEILL AND HOLCOMB 


Ann. Surg. e May 1980 


atology, the mistaken diagnosis of chronic hepatitis 
was entertained often. Only one patient had any degree 
of hyperamylasemia while one other patient had a very 
mild, transient elevation in the serum amylase. The 
other four children had no elevation in serum amylase 
nor were amylase clearances elevated. Serum lipid 
profiles were performed in each patient and only one 
was found to have an abnormality, a Type I hyper- 
lipoproteinemia.* Bile cultures were negative in all 
six patients. 

Upper gastrointestinal examinations were performed 
in each child but in only one instance was pan- 
creatitis suspected because of the distortion of the 
duodenal curve. Intravenous cholangiogram in one 
patient revealed dilated intrahepatic ducts but no 
extrahepatic duct visualization was evident. Ab- 
dominal ultrasonography indicated pancreatitis in one 
patient, although this study was used in a total of 
three children. 

The preoperative diagnosis of chronic fibrosing pan- 
creatitis with biliary obstruction was made in only three 
of the six patients. However, the diagnosis was con- 
firmed at operation in all patients. Operative cholangi- 
ography usually performed through the dilated gallblad- 
der revealed severe narrowing of the intrapancreatic 
portion of the common duct in five and complete 
obstruction in the sixth child. In two instances 
the pancreatic ducts were visualized but only once did 
the ducts appear to be abnormally dilated. Because 
the intrapancreatic portion of the common bile duct 
was narrowed, it was difficult to evaluate the status 
of the sphincter of Oddi with accuracy in these young 
children. With this limitation in mind, the sphincter 
did appear to be stenotic in all. Characteristically, 
the common bile duct and common hepatic ducts were 


TABLE 4. Details of Six Children with Stenosis A mpulla of Vater and Idiopathic Chronic Fibrosing Pancreatitis 
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Age 
at 


Patient Onset Symptoms Signs 
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l. 9 yrs. Mild abdominal Jaundice, acholic stool 
pain, nausea 

2. 4 mos. None Jaundice, acholic stool 

3. 8 yrs. Abdominal pain, Fever, jaundice, acholic 
vomiting stool 

4. 4 yrs. Mild abdominal Jaundice, light stool 
pain 

S, 2 yrs. Severe abdominal None 
pain 

6. 35 yrs. None Jaundice, acholic stool 


Peak 
Bili- Amylase 
rubin Elevated Operation Follow-up 
4.5 No Sphincteroplasty Well 21⁄2 years postop. 
2.4 No Sphincteroplasty Well 7 years postop. 
3.9 No Sphincteroplasty Well 1 year postop. 
6.6 No Sphincteroplasty Well 2 yrs. postop. 
1.0 Yes Sphincteroplasty Mild pancreatitis twice 
up to 18 mos. postop., 
OK last 4 yrs. 
14.7 Yes Choledochoduodenostomy Too recent 


Cholecystectomy 
Sphincteroplasty 


ee EEE 
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thickened and fibrotic with the appearance of chronic 
inflammation. The ducts appeared to be of normal 
calibre in one instance, markedly narrowed in the 
second and dilated at least three times normal size 
in the remaining four patients. Routinely, the common 
bile duct was explored and transduodenal sphincter- 
oplasty performed. In the single patient who had com- 
plete biliary obstruction, cholecystectomy and chole- 
dochoduodenostomy were performed in addition to 
sphincteroplasty. 

All of these patients recovered rapidly without major 
complications. In one instance, serum amylase re- 
mained elevated for 12 days before returning to normal 
but none of the others had postoperative pancreatitis. 
Biliary obstruction resolved within 10 days in all 
instances. Five patients had sufficiently long follow-up 
ranging from one to seven years to be meaningful. One 
child had two episodes of mild pancreatitis up to 18 
months postoperative but has remained well for the 
succeeding four years. While low fat diets were utilized 
initially, all patients have returned to normal diets and 
are free of any symptoms. None of the patients have 
demonstrated endocrine or exocrine dysfunction. 

Discussion Stenosis Ampulla. Although chronic 
fibrosing or relapsing pancreatitis has been considered 
to be rare in childhood, we have had the opportunity 
to see six cases in the last eight years. None of these 
were familial or hereditary.???' The presence of jaun- 
dice and the lack of symptoms misdirected the clinician 
toward hepatitis in the majority of cases. Radiographic 
or nuclear medical studies have proved to be of limited 
value in our hands but probably should be obtained 
in evaluating these jaundiced children. Diagnostic 
laboratory tests were helpful only in determining the 
presence of obstructive jaundice. It appears however 
that the most helpful diagnostic and therapeutic 
procedure in children with intermittent conjugated 
hyperbilirubinemia of unexplained nature is explora- 
tory laparotomy and operative cholangiography. The 
pancreas in these patients has routinely been firm, 
nodular and markedly thickened with gross appearance 
of chronic and subacute inflammation. 

The exact cause of this disorder is not known but 
some type of ampullary stenosis which may lead to 
reflux of bile into the pancreatic ducts is at present 
the most appealing explanation. For this reason, we 
have depended primarily on sphincteroplasty as the 
operative procedure of choice. It is known that stenosis 
of the ampulla of Vater may cause pancreatitis and 
Donahoe and Hendren have reported perforation of the 
common duct in a 2-month-old infant with this con- 


.- dition.^ Carnevali and his group have shown that 


ductal decompression may relieve the sequence of 
events leading to this disease.” However, in the 
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absence of knowing specific ductal pressures, one is 
necessarily in the position of speculating and using 
clinical observations to guide the course of treatment. 
In a previous report, Hendren suggested that ob- 
struction was a contributory factor in childhood 
pancreatitis.'* Contrary to this view, however, is the 
uncertainty regarding obstruction being the primary 
factor since cases have been reported in which there 
was no demonstrable obstructive mechanism as with 
the case reported by Williams et al. The studies of 
Wainwright suggest that chronic fibrosing pancreatitis 
is due to intermittent episodes of focal acinar rupture 
with subsequent scarring and ductal narrowing.” 
Certainly it is possible that bile reflux due to a common 
channel and perhaps sphincteric stenosis might be 
responsible for this condition. As far as we can deter- 
mine, other possible causes have been excluded. Hy- 
perlipemia as seen with hereditary pancreatitis was 
only vaguely suggested in one of our six patients. Amino- 
aciduria was ruled out. Hyperparathyroidism, trauma, 
infectious and drug-related causes were eliminated. 
None of the patients had mucoviscidosis. 

The ideal surgical approach is uncertain and only 
time will tell what is most appropriate. Our approach 
has been based on the clinical observation that ob- 
struction was the primary finding. Sphincteroplasty 
has been associated with long-lasting relief in our 
patients and those described by Robichek*! and 
Bartlett.” While other forms of caudal pancreatitic 
drainage may also have merit, it remains to be seen 
whether this procedure will be required in this group 
of patients. 


Stenosis of Common Hepatic Duct 


Two additional patients who presented with inter- 
mittent jaundice of 12 months’ duration were found to 
have stenosis of the common hepatic at its junction with 
the cystic duct (Fig. 2). One was a 5-year-old boy and 
the other was an 8-year-old girl. Each child was symp- 
tom free but was jaundiced and thought to have 
chronic, active hepatitis. Laboratory findings of con- 
jugated hyperbilirubinemia, an elevated alkaline phos- 
phatase and cholesterol with a normal serum amylase 
indicated an obstructive pattern. Abdominal explora- 
tion revealed what appeared to be a congenital stenosis 
at the junction of the common hepatic and common bile 
duct. As far as could be determined, there was no 
element of pancreatitis. The 5-year-old boy had four 
separate operations directed toward excision of the 
diaphragm-like stenosis with maintenance of bile flow 
through a T-tube, each of which resulted in stricture. 
Finally, when he was 17 years of age a Roux-en-Y 
choledochojejunostomy was performed with an un- 


634 


eventful recovery. The 8-year-old girl had a Roux-en- Y 
choledochojejunostomy as well as cholecystectomy. 
Her response was immediately favorable. She has been 
followed closely for the last eight years and con- 
tinues to do well. 
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times, indeed, this follows shortly after streptococcal infection of no 
great clinical consequence. 

If I understood his figures correctly with respect to common duct 
stones, he had the astonishing incidence of 6.8%. Now, did all these 
patients have cholangiography, or is it a fact that the incidence 
was very much higher than that? If they did, we'd expect another 
7 or 12% over all, which would be extraordinarily high. 


DR. J. ALEX HALLER, JR. (Baltimore, Maryland): I would like to 
focus on the fact that in this particular series there was a very 
small number of patients who had sickle cell disease. This, I think, 
represents a somewhat different series from many which have been 
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presented in the literature, and reflects the population mix, perhaps, 
of Dr. Holcomb's group. Some of us who work in different areas 
have a larger number of black children and teenagers, and therefore 
have a greater problem with the incidence of cholecystitis and stones 
in the group of sickle cell disease children. 

| believe we will be seeing more and more children with sickle 
cell disease, because although the birth rate in the black population 
is not greater than it has been in the past, the survival of black babies 
is greatly improved, and therefore there are going to be many more 
black children, and therefore, since they are the largest group who 
have the sickle cell trait and disease, we are going to be faced, I think, 
with more of their surgical problems. 

What are they? 

First of all, many of these children present with severe anemias; 
we are talking about hematocrits well below 20%: and so there is 
initially the problem of evaluating them from the standpoint of 
anemia, and then, secondly, the possibility of having a hemolytic 
crisis during induction or during their anesthesias. And I think we 
do need to be aware of this increasing problem in this particular 
entity, although in this particular series it was not acommon problem. 

The second comment | would like to make relates to the same 
area that Dr. Ravitch focused on. | was not aware of the definition 
of a girl child as one who had already had babies of her own, 65% 
in this series. This is a somewhat loaded population group, in the 
sense that the authors are including older teenagers from their prac- 
tice. But it does, | think, emphasize the fact that pregnancy plays 
a significant role in the formation of stones. 

The final comment is a slight disagreement with Dr. Holcomb 
about the indication for cholecystectomy in all patients presenting 
with stones. We have seen a number of children who have bilirubin 
stones, who have hemolytic disease of various kinds — for example, 
spherocytosis: some of the patients with the so-called Waring 
Blendor syndrome following incomplete cardiac operative pro- 
cedures, in whom, once this hemolytic problem has been corrected 
(for example, with splenectomy in spherocytosis), the normal 
gallbladder might be preserved by simply removing those stones. 
A normal gallbladder does have a function, in spite of the fact that 
most of the ones that we are asked to see have been diseased. 

I would like to ask Dr. Holcomb whether it does not make sense, 
in situations where you can correct the hemolytic disease, to simply 
remove the stones from that normal gallbladder, and preserve its 
function. 


Dr. ROBERT P. MCBURNEY (Memphis, Tennessee): My experience 
in the more elective diseases of the gallbladder in children has been 
somewhat limited, but | have had two cases of trauma to the common 
duct in children. The first one of these was a 14-year-old boy who 
had a .22 bullet go through his abdomen, and on exploration, the 
common duct was neatly severed. It was a very easy problem to 
solve; just debride the ends of the duct, repair it over a T-tube, and 
the child got well. 

The other case was a little more complicated. I'd like to tell you 
about him in a little more detail. 

He was an | 1-year-old boy who was out hunting with a companion. 
They both had received .22 rifles as Christmas presents. His 
companion accidentally shot him through the back. The bullet 
apparently went through the right thorax, through the liver, down 
through the porta hepatis, the small bowel, and colon. 

He was operated on as an emergency in Arkansas, in a town near 
Memphis. The surgeon who worked on him saved the boy’s life, 
because there was a hole in the portal vein, with severe hemorrhage. 
He required multiple transfusions. The original surgeon operating on 
him also had to treat the hemopneumothorax, sew up three holes in 
the small bowel, one in the colon, and after a stormy day or two, 
the child began to stabilize, and the surgeon noted at that time a 
profuse drainage of bile through the drain wounds in the right upper 
quadrant. 

A few days later, he transferred him to Memphis, and asked me 
to take care of him. On admission, the child was, of course, quite ill, 


BILIARY TRACT DISEASE IN CHILDREN 


635 


with fast pulse, high temperature, and profuse drainage of bile from 
the right upper quadrant. 

(slide) The first slide, which is not really germane to the problem, 
just shows the chest x-ray, and there was still some blood in the 
right thorax. After observing this child for a few days, and trying 
to get him in better general shape, it was obvious that he was 
going to have to be reexplored, and this was done. 

At the time of exploration, a large abscess was found in the liver, 
coming down all the way from the diaphragm to the area of the porta 
hepatis. There was a lot of necrotic liver tissue. The two ends of 
the common duct were found completely separated by about an 
inch and a half space between them. The gallbladder was found 
to be completely necrotic; and a large abscess was also found in 
the left gutter of the lower abdomen. 

| felt that it would be unwise to attempt primary repair of the 
common duct at that time. So after draining the abscess and debriding 
them, a small, No. 8 T-tube was inserted into the proximal and distal 
segments of the common duct stumps as a temporary measure. 

The child improved. I let him go home after about a month. He 
came back about two weeks later, again draining profuse bile, and it 
was obvious then that the T-tube had become displaced. We re- 
explored him about three days later. At that time, his condition 
was, I thought, good enough to do a definitive repair. A choledochoje- 
junostomy was done, using a modification of the Rodney Smith 
procedure although the proximal duct was not dilated. 

(Slide) This shows the catheter going up through the isolated 
jejunal segment up into the porta hepatis. 

The patient retained the tube as a stent for three months, and 
after x-rays via the tube showed a patent anastomosis, the tube was 
removed. 

(Slide) This shows the boy three years later. I just saw him in 
the office about a month ago. He is in good shape. The only ab- 
normality is that he has a very slight elevation of his alkaline 
phosphatase. 


DR. GEORGE W. HOLCOMB, JR. (Closing discussion): In answer to 
Dr. Ravitch's questions, we did culture the gallbladder in a number 
but not all our patients which resulted in growth of E. coli only once. 
This was the 14-month-old infant who was very septic. The re- 
maining cultures resulted in no growth. 

We obtained operative cholangiograms in 21 patients, and of those 
we explored 16. We did not think the remaining patients required 
cholangiography because either the common duct was not dilated 
and there was no suggestion of stones in the common duct, or the 
stones present in the gallbladder were too large to pass through 
the cystic duct. 

l believe Dr. Haller's comments about racial distribution are true. 
I don't know why we only had one patient with sickle cell disease 
since we have a 16% population of blacks in Nashville. Also, he is 
correct in emphasizing the fact that we do need to be aware that an 
abdominal sickle cell crisis may simulate an attack of gallbladder 
colic and appropriate studies should be requested when this occurs 
in a patient previously confirmed to have sickle cell disease. 

His comment about removing the gallstones and not the gall- 
bladder, I think would be appropriate only in special situations, 
particularly in those children who do have cardiac disease and are 
poor anesthetic risks. | would caution about doing this in healthy 
patients, particularly with spherocytosis, because we had one 5-year- 
old child who at the time splenectomy was performed had no palpable 
gallstones. Subsequently, at the age of 15 years she complained of 
nght upper quadrant and back pain. She was sent to a urologist by 
her physician who thought she had urinary tract disease. However, 
the urologist found some radiopaque gallstones. Apparently gall- 
stones may form or enlarge years later, even after splenectomy is 
accomplished. 

| certainly agree with Dr. McBurney that we do need to be 
vigilant and not overlook injury to the biliary tract following 
trauma. We had one infant with perforation of the gallbladder, which 
occurred during an automobile accident. We did not include trauma 
cases in this report, however. 
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Twenty-six patients who had typical symptoms of biliary tract 
disease, e.g. postprandial right upper quadrant pain, nausea 
and vomiting, fatty food intolerance and flatulence and who 
had had two or more normal oral cholecystograms were 
subjected to cholecytokinin cholecystography. Ten patients 
showed a normal response to the intravenous administration of 
cholecystokinin, namely prompt and complete emptying of the 
gallbladder without producing any adverse reaction or 
symptoms. Sixteen patients demonstrated either no contraction 
or incomplete contraction of the gallbladder in response to 
cholecystokinin; several patients had moderate contraction of 
the gallbladder accompanied by symptoms of biliary colic. 
This latter group underwent cholecystectomy and operative 
cholangiography. Fifteen of the 16 patients are asymptomatic 
or improved, and only one patient continues to have symptoms. 
All removed gallbladders had histologic evidence of chronic 
cholecystitis. It is concluded that in some individuals with 
continuing symptoms suggesting gallbladder disease but 
normal oral cholecystograms, cholecystokinin cholecystog- 
raphy may be helpful in identifying physiologic dysfunction 
of the gallbladder. 


LL SURGEONS ARE FAMILIAR with the patient who 
describes postprandial upper abdominal colicky 
pain, nausea and flatulence and who also describes 
fatty food intolerance, but whose oral cholecystogram 
is "within normal limits." In many instances, ultra- 
sonography of the upper abdomen has also demon- 
strated a normal gallbladder without evidence of 
stones. Additional diagnostic studies have failed to 
disclose any abnormalities, so the patient has been 
treated for symptoms with a variety of medications 
without great success. 
Over the past four years, 26 patients with symptoms 
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typical of gallbladder disease, but whose routine 
diagnostic studies have not supported the diagnosis 
have been identified. All of these patients have been 
subjected to cholecystokinin cholecystography in an 
attempt to identify physiologic dysfunction of the gall- 
bladder to explain the patient's symptoms. These pa- 
tients form the basis of this report. 


Clinical Material 


There were 26 patients in this group, 20 females and 
four males. The age range was 22-81 years. All of the 
patients complained of abdominal pain, but other 
symptoms such as fatty food intolerance or nausea 
and vomiting were less prominent (Table 1). They had 
all had at least two oral cholecystograms which were 
interpreted as normal. Various means of relieving the 
symptoms had been tried including fat-free diets, anti- 
cholinergic drugs, tranquilizers and other medica- 
tions, all without success. 

Because of continuing symptoms, all patients were 
subjected to cholecystokinin cholecystography. In this 
examination, the patient receives either six Telepaque“ 
tablets the evening before the roentgenogram or six 
tablets each evening on two successive days prior to 
the x-ray (reinforced oral cholecystography). When the 
film clearly demonstrates a well visualized gallbladder, 
and there is no evidence of stones within the gall- 
bladder, the patient is given 0.02 mg/kg of the C- 
terminal octapeptide of cholecystokinin (Kinevac^) 
intravenously. Gallbladder roentgenograms are ob- 
tained at five, ten and 15 minutes after injection.'? The 
gallbladder is evaluated for contraction from these 
films, and the patient is monitored for the development 
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TABLE 1. Symptoms 

Operative Nonoperative 

Group (^*) Group (^*) 
Abdominal pain 100 100 
Fatty food intolerance 48 40 
Nausea and vomiting 48 30 
Biliary colic 19 20 
Dyspepsia 13 10 


of symptoms suggesting an abnormality of the biliary 
tract. The symptoms looked for are a reproduction of 
those complaints the patient had voiced in the past. 
The lack of gallbladder contraction or spastic con- 
tractions without at least 50% emptying within 15 
minutes was considered as a positive indication that 
there was an abnormality of the gallbladder, the cystic 
duct or both.'?- 


Results 


Ten patients showed no abnormalities in response to 
cholecystokinin administration, i.e. the gallbladder 
contracted promptly without producing any symptoms 
(Fig. 1A and B). Three patients in this group were found 
to have esophageal carcinoma, diffuse gastritis, and 
achalasia on further evaluation. One patient had be- 
come asymptomatic at the time of a gastric bypass 
eight months later, and her gallbladder appeared 
grossly normal at that procedure. In the remaining six 
patients, no explanation for the symptoms has been 
found. None of the patients have had cholecystectomy. 

Sixteen patients demonstrated an abnormal response 
to intravenous cholecystokinin by either reproduction 
of the patient's symptoms, spastic contraction of the 
gallbladder without emptying or less than 50% reduc- 
tion in size within 15 minutes of injection (Figs. 2A and 
B). All of these patients were subjected to cholecystec- 


Fics. 1A and B. (A) Gall- 
bladder before cholecys- 
tokinin injection. (B) Gall- 
bladder 15 minutes after 
cholecystokinin injection. 
Note more than 50% con- 
traction. 
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tomy and operative cholangiography. None of the pa- 
tients had gallstones, but several of the cystic ducts 
were described as narrowed. Cholangiograms showed 
no abnormalities of the biliary tree and good emptying 
into the duodenum. Histologic examination clearly 
demonstrated changes associated with chronic chole- 
cystitis in all resected gallbladders. 

Follow-up of these 16 patients has been 100% for 
7—38 months with an average of 18 months. One patient 
continues to complain of postprandial nausea and 
vomiting, the symptoms she had before cholecystec- 
tomy; two patients experience occasional mild post- 
prandial pain or some indigestion; and 13 are asymp- 
tomatic and able to eat anything without discomfort. 


Discussion 


Before the advent of oral cholecystography, the 
"classical" symptoms of postprandial upper abdominal 
colicky pain associated with fatty food intolerance, 
flatulence and nausea led to the clinical diagnosis of 
gallbladder disease. Often it was necessary to await 
more severe symptoms before cholecystectomy was 
undertaken. However, many patients had their gall- 
bladder removed on the basis of these symptoms as 
well as others such as constipation or headache. It 
was also recognized that patients who were female, 
fat, and fertile often had biliary tract disease. Many 
of the gallbladders removed under these circumstances 
contained stones and most had an abnormal histologic 
picture. The majority of the patients were helped by 
cholecystectomy although some continued to have the 
same complaints, and a few developed even more 
symptoms which were difficult to treat; these persistent 
symptoms were given the name postcholecystectomy 
syndrome. 

In 1924 Graham and Cole described roentgeno- 
graphic opacification of the gallbladder by giving a 
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substance orally which was absorbed and eventually 
concentrated in gallbladder bile.” Radiolucent stones 
were easily seen in the gallbladder thus opacified, and 
were clear-cut evidence of gallbladder drsease. In- 
ability to visualize the gallbladder in the absence of 
gastrointestinal absorptive defects or liver disease was 
also evidence of a diseased gallbladder. The wide- 
spread application of oral cholecystography coupled 
with the increasing recognition of the inacequacy of 
relying on symptoms alone as well as the difficulties 
of the postcholecystectomy syndrome, eventually re- 
sulted in the dictum that cholecystectomy should be 
undertaken only when there was roentgenographic 
evidence of gallbladder abnormality. This rigid cri- 
terion for cholecystectomy in patients complaining 
of postprandial distress brought on by the ingestion 
of fat has undoubtedly resulted in the missed diagnosis 
of biliary tract disease as pointed out m 1966 by 
Farrar.* 

Oral cholecystography is probably 90-95% accurate. 
Small stones may be missed and thus as many as 
5-10% of patients with a ""normal'' oral cholecysto- 
gram may have cholelithiasis underlying ‘heir symp- 
tomatology. Moreover, standard oral cnolecystog- 
raphy even with a fatty meal does not aways elicit 
motor dysfunction of the gallbladder which may be 
seen in the so-called cystic duct syndrome.*” This 
particular entity emphasizes the narrowing of the 
cystic duct probably related to subacute imfection and 
fibrotic changes which interferes with the normal 
emptying of the gallbladder in response te a meal. If, 
during the emptying process, the pressure within the 
gallbladder becomes markedly elevated, right upper 
quadrant colicky pain will be experienced by the 
individual. In this instance where there are minimal 
or no changes consistent with cholecystitis, the patient 
may be relieved of symptoms by cholecystectomy if 
this abnormality can be detected. 
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Fics. 2A and B. (A) Gall- 
bladder before cholecys- 
tokinin injection. (B) Gall- 
bladder 15 minutes after 
cholecystokinin injection. 
Note virtually no change in 
size. 


In 1928 Ivy and Oldberg described a humoral mecha- 
nism for the stimulation of gallbladder contraction 
which was caused by the presence of fat in the in- 
testine.'" The hormone was named cholecystokinin 
and eventually purified by Jorpes and Mutt in 1968. ? 
However, porcine cholecystokinin had become avail- 
able by 1958 for experimental use in patients. In that 
year Broden described the use of cholecystokinin in 
patients with a readily visualized gallbladder as a test 
of motor function.' Eleven years later the three post- 
injection responses described above were used as an 
indication of biliary tract disease.'” 

It is these responses or combinations of them which 
were used in the present series of 26 patients to identify 
those whose symptoms might be attributable to a phys- 
iologic dysfunction of the gallbladder.? Several recent 
articles and letters have reported on more than 100 
patients who exhibited abnormal responses to chole- 
cystokinin cholecystography and were subjected to 
cholecystectomy.*? Relief of symptoms occurred in 
more than 90% of the patients which is similar to the 
experience reported here. Most of the patients who 
obtained symptomatic relief had gallbladders which 
showed chronic cholecystitis. However, some of the 
removed gallbladders were histologically normal or 
showed only mild cholecystitis, and in these patients 
the cause of symptoms may well have been a partial, 
but significant obstruction to bile flow out of the 
gallbladder in response to endogenous cholecystokinin. 
The resultant rise in gallbladder intraluminal pressure, 
perhaps sudden, would surely produce abdominal pain 
or colic and might lead to nausea or vomiting. Failure 
of cholecystectomy to relieve symptoms after a posi- 
tive cholecystokinin cholecystogram may be due to the 
fact that the abnormality resides at the sphincter of 
Oddi with papillitis or fibrosis there causing obstruction 
to bile outflow in response to cholecystokinin. 

Needless to say, selection of patients for cholecys- 
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tectomy under these circumstances must be highly 
individualized. First, a careful history must elicit 
the symptoms of true biliary colic with some relation to 
food ingestion. Other diseases of the gastrointestinal 
tract must be ruled out; the patient's overall psycho- 
logical makeup and their home and job situation should 
be known.’ At least one standard oral cholecystogram 
which clearly visualizes the gallbladder must be per- 
formed before undertaking cholecystokinin chole- 
cystography. All of the patients in this series had at 
least two oral cholecystograms, and some had had 
several more than that with the highest number of oral 
cholecystograms performed on a single patient being 
five. When discussing the operation with a patient, 
it must be clear that the patient's symptoms may not 
be alleviated by the operation although as indicated 
from the results in this series the chances are good 
that relief will be obtained. 

Cholecystokinin cholecystography is not the only 
test available for the diagnosis of occult or otherwise 
inapparent gallbladder disease. Bile discharged into the 
duodenum after the administration of cholecystokinin 
can be collected and examined for cholesterol crystals, 
leukocytes, and bacteria all of which may be indicative 
of gallbladder abnormality. Examination of duodenal 
bile is an old method of detecting gallbladder disease 
but the addition of cholecystokinin stimulation of 
gallbladder contraction has increased the sensitivity 
of the test.?^ 7! It may be used in conjunction with the 
roentgenographic studies. In the patient with persistent 
symptoms further diagnostic techniques may be neces- 
sary to establish a diagnosis, e.g. endoscopy, retro- 
grade pancreaticocholangiography or even angiog- 
raphy. Persistence of symptoms in three of the ten 
patients with symptoms suggesting biliary tract disease 
but normal oral and cholecystokinin cholecystography 
eventually led to tests which demonstrated significant 
lesions. 

The intent of any of these diagnostic maneuvers 
should be not only to detect biliary tract abnormalities 


DISCUSSION 


Dr. MonForD D. Custer, JR. (Winchester, Virginia): 1 think 
the reason that Dr. Griffen was kind enough to invite me to preview 
his manuscript was that some time ago we had the pleasure of sharing 
a few days at Sea Island, I told him that we have embarked upon a 
study of some 3000 consecutive cholecystectomies in an effort 
to identify those among them which were performed for noncalcus 
disease. 

And I really can't tell you very much about this because we're 
not very far down the road as yet. But I can tell you that the incidence 
in this series surprised me a little bit, being one in ten. Thus we 
have 300 such cases, which we have turned over to our Pathology 
Department for data retrieval. 

I can also tell you —and this reassures me a little bit —that the 
incidence of disease among these is rather reassuringly high, the 


CCK-CHOLANGIOGRAPH Y 


639 


correctly but also to aid in the identification of patients 
whose psychosomatic illness is manifest as biliary 
colic. It is as important to diagnose motor dysfunction 
of the gallbladder which can be effectively treated by 
cholecystectomy as it is to identify those individuals 
who should not be operated on, and cholecystokinin 
cholecystography seems to be a simple test which can 
be used as an additional diagnostic maneuver for those 
difficult patients whom all surgeons see from time 
to time. 
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disease being almost invariably either cholesterolosis, or mild 
chronic cholecystitis. 

Now, I would loosely guess that perhaps once a year a surgeon 
who is interested in biliary tract disease will encounter such a patient 
as Dr. Griffen has described. It's a woman, usually, and she has 
classic, typical biliary tract symptoms, and they may be of major 
proportion, in the face of a series of normal cholecystograms and 
correspondingly negative ultrasonograms. 

What one does in this situation is to make an attempt to get to 
know the patient, and over a period of, perhaps, six months or 12 
to make up your own mind as to whether, in point of actual fact, 
she does have significant symptomatology. And then, having reached 
that conclusion, you sit down with her, and you tell her that, at 
least occasionally, there are other noncalculous disorders of the gall- 
bladder which can produce this type of symptomatic trouble. 

And you say to her: If you want to take a chance, I'll take a 
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chance. I like to get a second opinion, and then, with your heart 
in your mouth, you go to the operating room, hoping to God that 
this friendly pathologist that Dr. Griffen referred to— if, in actual 
fact, there is such a person— will give you at least a little something 
under the microscope. 

And I don't know how this is going to turn out, and perhaps by 
this time next year we will have a correlation between the presence 
of pathology, or its absence, and the relief of symptoms, or the 
failure of such. 

Now, obviously, what's needed is some sort of diagnostic 
modality that will help us screen the patients, so that we can 
recommend cholecystectomy to those patients in whom it offers a 
reasonable chance of success in terms of relief of symptoms and, 
by the same token, to protect from useless, needless surgery those 
in whom it will not. 

I have been interested in cholecystokinin cholecystography for 
about 3!2 years, since I heard Dr. Tom Wright report it, and I have 
during this 3% year period endeavored to interest our radiologists 
in including it in their studies. | don't have much influence down 
there, apparently, because the success so far has been essentially 
zero. But, Ward, I promise you that I’m going back home tomorrow, 
and I’m going to mount a new crusade, and I hope that it works. 

I want to thank you for bringing to our attention this information, 
which I think very likely has important practical clinical significance. 


DR. EDWARD S. LINDSEY (New Orleans, Louisiana): I am fas- 
cinated with the new pharmacologic approach to the diagnosis of 
these sticky problems as relates to the biliary tract. I think that 
Dr. Griffen and his colleagues must be identifying those patients with 
whom we all agonize over the years, and who, indeed, ultimately 
are found to have abnormal standard cholecystograms, and, yes, 
even stones. It is noteworthy that he and those who have preceded 
him in this literature may have suggested a means where we can 
help these patients earlier. 

I differ with him in a measure in what he describes. or suggests, 
may be the uselessness of ERCP, and, in point of fact, my purpose 
in getting up here is to suggest that we all focus on the connection 
between juxta-ampullary diverticular and acalculus biliary tract 
disease. We have found that this is more common than might have 
been appreciated. The literature is replete with studies suggesting 
that those patients with juxta-ampullary diverticula, in fact, have 
difficulty more commonly with biliary tract disease. 

It is time that either we make a commitment to examining the 
G.I. series of patients with these problems ourselves, or persuade 
our radiologists to foresake their ho-hum attitude in at least mention- 
ing that there is a juxta-ampullary diverticulum present. 


Dr. C. DovrE HAYNES (Opelika, Alabama): These patients that 
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have pain in their right upper quadrant certainly are a problem, and 
I'd like to bring up another diagnostic thing that we tried to do. 

We recently had three patients that had right upper quadrant pain, 
and which we did ERCP's on, and at the time of the ERCP obtained 
bile, and would spin the bile down and look for crystals in the bile. 
In three patients that we took the gallbladder out, they had abnormal 
pathology. I would like to ask Dr. Griffen if he has been spinning 
the bile down and looking for crystals. 


DR. WILLIAM T. Fitts, JR. (Philadelphia, Pennsylvania): I don't 
believe I heard biliary drainage until the last discussant. 

In Philadelphia, we have had two groups of gastroenterologists 
who believe very firmly that biliary drainage with careful examina- 
tion of the sediment is more specific and sensitive than oral chole- 
cystograms. I think it's not done more because it takes an awful 
long time in examining the bile that is gotten in a lot of patients. On 
the other hand, I think good technicians can use this for screening, 
and to be checked by the gastroenterologist. And in this day of 
cost-effectiveness, I would like to ask Dr. Griffen if he would tell 
us just how much the cholecystokinin costs, and I will try to find 
out how much the biliary drainage now costs in our hospital, because 
I'm going to try to get our radiologists to use this, and hope that 
they can have it done at a lesser cost. 


DR. EDWIN L. RoGers (Closing discussion): In reference to 
Dr. Custer's comments, it is very important that you obtain informed 
consent with these patients, and have a close personal working re- 
lationship with them. 

To Dr. Lindsey, ERCP was not performed in any of our patients, 
due to our relative lack of success with this procedure. There were 
no duodenal diverticula present in the upper G.I. series. 

To Dr. Haynes, duodenal bile analysis has not been performed 
on any of these patients, but can be performed as an adjunct, using 
cholecystokinin injection to facilitate collection. 

To Dr. Fitts, the cost of the cholecystokinin cholecystogram was 
zero in our patients, because the radiologists did not have a separate 
code for that until we started this study. 

In conclusion, the cholecystokinin cholecystogram can be useful 
in identifying biliary tract disease in persistently symptomatic pa- 
tients with normal oral cholecystograms, after other sources of 
epigastric distress have been investigated. Colecystokinin cholangio- 
grams were obtained, and, when positive, resulted in total 
alleviation of symptoms of 81% of our patients, with no improve- 
ment in only one of 16 patients. The determination of a positive test 
requires the objective evidence of ineffective gallbladder contraction 
or spasm and the close questioning of the patient regarding the 
reproduction of the presenting symptoms after cholecystokinin 
injection. 


Management of Blunt and Penetrating Injuries to 


the Porta Hepatis 
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Injuries to the porta hepatis pose difficult problems in manage- 
ment, and transection of the bile ducts, portal vein and 
hepatic artery is among the most challenging. Twenty-one 
patients with severe injuries to the porta hepatis were treated 
. over a ten-year period. Ages ranged from 13 to 56 years, and 
- follow-up was up to nine years. Among the 14 patients with 
bile duct injury, eight were found to have complete transection, 
and five suffered a tangential laceration or incomplete dis- 
ruption with a portion of a duct wall remaining intact. Five of 
the eight patients who had complete transection underwent 
primary end-to-end repair with T-tube splinting, while three 
were treated with primary Roux-en-Y choledocojejunostomy. 
All patients with incomplete disruption underwent primary 
repair with or without T-tube splinting. Of the five patients 
with complete disruption who were treated with primary end- 
to-end anastomosis of the bile duct in conjunction with T-tube 
splinting, all required secondary biliary tract reconstruction 
of some type. No patient with complete transection that was 
treated with primary Roux-en-Y biliary enteric anastomosis 
required reoperation. Partial transections were successfully 
treated with primary repair. Portal vein injury was en- 
countered in ten patients. Injury was successfully managed 
by primary closure, interposition of a vein, or splenic- 
mesenteric vein bypass. Associated injuries to liver, pancreas, 
kidney and duodenum were common. In four patients there 
was injury to the main or left or right hepatic artery which 
was managed successfully by repair or ligation, with or without 
hepatic lobectomy. By adhering to the principles of manage- 
ment to be outlined, many patients with injury to the porta 
hepatis will survive, and the long term outcome can be 
gratifying. 


HILE TRAUMATIC INJURIES to the porta hepatis 
W are rare, and at times delayed in clinical pre- 
sentation, more often these injuries are dramatic in 
their life-threatening potential and are some of the most 
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challenging cases for surgical decision making and 
operative strategy. Among the structures involved in 
this type of injury, i.e., the hepatic arteries, extra- 
hepatic bile ducts and portal vein, the latter is most 
likely to lead to a fatdl outcome, as has been shown 
in various reports.*"^" However a most important 
factor which influences mortality is the large number of 
serious associated injuries which accompany porta 
hepatis injury. While the initial management of the 
ductal and arterial injuries is still controversial, 
standard approaches to therapy have been proposed. 16-6 
On the other hand techniques for acute portal vein 
injury remain quite diverse? because of the varied 
hemodynamic and operative considerations that in- 
volve this injury. 

In order to determine the appropriate method of 
management for these rare, complex and difficult 
injuries, the combined experience of two widely 
separated institutions, both with substantial experience 
in trauma, was analyzed. Thus the relatively recent 
cases of trauma to the structures in the porta hepatis 
at UCLA Hospital, Los Angeles, California and at 
Charity Hospital of Louisiana at New Orleans (Tulane 
Service) were reviewed retrospectively, and the 
findings, treatment and results are presented in order 
to formulate guidelines for the initial management of 
this injury. Because the early management will have 
late, as well as early, serious consequences, we believe 
that the analysis and results of our study benefit the 
surgeon who is occasionally called on to deal with these 
emergencies. 


Clinical Material 


During the decade July 1968 through July 1978, a 
total of 21 patients who suffered from penetrating or 
blunt abdominal trauma that caused injury to structures 


0003-4932/80/0500/0641 $00.90 © J. B. Lippincott Company 


641 


642 
TABLE 1. Injuries to Porta Hepatis 
Type of Injuries 
Structure Blunt GSW Knife Total 
Bile duct 7 6 | 14 
Portal vein — 9 | 10 
Hepatic artery — 4 — 4 
28 


of the porta hepatis were treated at UCLA Hospital 
and at Charity Hospital. There were nine patients at 
UCLA and 12 patients at Charity. For the purpose of 
this analysis, these two separate geographic popula- 
tions are considered collectively inasmuch as mecha- 
nism of injury and treatment modalities were quite 
similar. All were managed by a group of resident and 
staff physicians with varied experience in this type of 
serious trauma. 

Among these patients, the male-female ratio was 
17:4; the mean age was 29 years, ranging from 13 to 
56 years. Follow-up has averaged four years with a 
range from seven months to nine years. One patient 
was lost to follow-up seven months after injury. There 
were a total of 28 injuries to structures of the porta 
hepatis, and the distribution is shown in Table 1. 
Gunshot wounds accounted for 19 of the injuries, stab 
wounds for two and blunt abdominal trauma for seven. 
Of the 21 patients 18 had severe associated trduma with 
injury to more than one structure of the porta hepatis 
or to other abdominal organs. Hepatic and pancreatic 
injuries comprised the predominant associated injury, 
occurring in 62% and 29% of patients, respectively. 
Concomitant aortic or vena caval injuries were found 
in 24% of patients. The severity of injury is underscored 
by the fact that among those who suffered other organ 
trauma, in ten of 18 (56%) three or more organs were 
injured. The distribution of these injuries ts listed in 
Table 2. 

Eighteen patients initially presented in shock, 
showing signs of an acute abdominal catastrophe. They 


TABLE 2. Associated Injuries 


No. of 
Organ Patients 
Liver | 
Pancreas 
Duodenum 
Stomach 
Kidney 
Small bowel 
Gall bladder 
Vena cava 
Aorta 
Colon 
Heart 
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were promptly explored after standard resuscitative 
measures were taken. Treatment was first directed to 
control exsanguinating hemorrhage from vascular in- 
juries and then to definitive repair. This report deals 
exclusively with injuries of the porta hepatis; it does 
not discuss the techniques to treat associated injuries. 

Because three patients who had sustained isolated 
injury to the common bile duct did not suffer with an 
acute abdomen, they presented five days, seven 
months, and one year respectively after injury with 
complaints of progressive jaundice. 

Among the 14 patients with bile duct injury, eight 
were found to have complete transection, and five had 
suffered a tangential laceration or incomplete disrup- 
tion with a portion of the duct wall remaining intact. 
Five of the eight patients who had complete transection 
underwent primary end-to-end repair with T-tube 
splinting while three were treated with primary 
Roux-en-Y choledocojejunostomy. All patients with 
incomplete disruption underwent primary repair with 
or without T-tube splinting. 

Of the ten portal vein injuries, four were complete 
transections and six were incomplete. Direct repair of 
the portal vein was accomplished in eight patients; 
the methods used are illustrated in Figure 1. 

One common hepatic artery and three right hepatic 
artery injuries were treated with ligation primarily 
or in conjunction with an hepatic resection. 


Results 


Five of the 21 patients (2476) who died during the 
initial hospitalization are classified as operative deaths. 
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Fic. 1. Methods of repair used in portal vein injury. 
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Although it is difficult to precisely implicate a single 
_Injury as the primary cause of death, portal vein 
trauma was present in every operative death. However, 
massive exsanguination from the portal vein was the 
immediate fatal cause in only two patients; the re- 
maining three died from intra-abdominal or pulmonary 
sepsis and multiple organ system failure. All of the 
deaths but one occurred in patients who had three or 
more abdominal organ injuries in addition to injury to 
the porta hepatis. Table 3 shows the mortality per 
single injury of a porta hepatis structure, again in- 
dicating the lethality of portal vein injury compared 
to that of the bile duct or hepatic artery. In this series, 
once a patient survived the initial hospitalization for 
traumatic injury to the porta hepatis, no late deaths 
attributable to this lesion occurred, although complica- 
tions in those who survived the initial injury were 
extremely high (81%). Intra-abdominal sepsis, chol- 
angitis, and pancreatitis or pancreatic fistula accounted 
for 6346 of all complications. 

Bile duct repair was accomplished by a variety of 
techniques that are depicted in Figure 2 and sum- 
marized in Table 4. Complete bile duct transection 
occurred in eight patients, five of whom were treated 
with primary end-to-end anastomosis of the bile duct in 
conjunction with T-tube splinting and decompression; 
moreover, all five required secondary biliary tract 
reconstruction of some type. The mean interval 
between the primary end-to-end repair and reoperation 
was six months. Three of these patients were recon- 
structed with a Roux-en-Y biliary enteric anastomosis 
and one underwent duct exploration, removal of 
sludge, and replacement of a T-tube. The final patient 
in this subset had sustained a machine gun injury to the 
hilus of the liver with total disruption of the hepatic 
duct confluence which was repaired with an end-to-end 
anastomosis. Ten days later, because of bile leak and 
intrahepatic sepsis, a right hepatectomy was performed 
during which the proximal end of the common duct was 
mobilized and anastomosed to the left hepatic duct with 
T-tube splinting. All of these patients subsequently 
have recuperated satisfactorily. Three patients who 
had complete transections were treated with primary 
Roux-en-Y hepaticojejunostomy. One of these patients 
had presented seven months after initial injury with a 
widely dilated ductal system which facilitated the 


TABLE 3. Mortality Per Injury to Porta Hepatis 








Structure No. of Mortality 
Injured Patients (%) 
Bile duct 14 | (7) 
Portal vein 10 5 (50) 
Hepatic artery 4 I (25) 
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Fic. 2. Methods of repair used in bile duct injury. 


operative repair (Fig. 3). None of the patients who had 
undergone ductal transection and were treated with 
primary biliary enteric anastomosis has developed 
recurrent stricture during the follow-up period, al- 
though one did develop a biliary cutaneous fistula that 
closed spontaneously. 

Incomplete transection of the bile duct was seen 
in six patients, and five underwent primary suture 
closure of the ductal injury. In one patient in this 
group the cystic duct was used as a patch to repair the 
common duct defect. The remaining patient required 
concomitant hepatic resection and died of associated 
injuries. All five patients with incomplete ductal 
disruption and primary suture closure have been free 
of cholangitis or recurrent stricture. The fates of 
those with bile duct injury as determined by the first 
operation are summarized in Table 5. 

Of the ten patients with portal vein injury, two died 
of massive hemorrhage before definitive repair could 
be accomplished. One patient who had sustained injury 
to the right main branch of the portal vein was treated 


TABLE 4. Technique of Bile Duct Repair 


No. of 

Technique Patients 
Primary end-to-end anastomosis (T-tube) 5 
Primary lateral repair (T-tube) 4 
Primary lateral repair (no T-tube) ] 
Primary duct-enteric anastomosis 3 
| 


Liver resection 
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Fic. 3. Widely dilated common bile duct seven months after tran- 
section secondary to blunt abdominal trauma. 


with ligation and partial hepatectomy which resulted 
in an operative mortality. Seven patients underwent 
definitive vascular repair of the portal vein; their results 
are listed in Table 6. No patient underwent porta- 
systemic shunt. 


Discussion 


While it is predictable that some uncontrollable 
factors, such as associated injuries or degree and 
duration of shock, will largely influence the prognosis 
after porta hepatis injury, we believe that this analysis 
will help to select the procedure for the initial opera- 
tion. Except for the unusual case of ductal injury alone 
with a delayed diagnosis, all of the other cases reported 
here and in most other literature reviews, presented 
in shock, requiring an emergency operation, sometimes 
heroic in nature. Obviously, the associated major 
vascular injuries may demand priority in hemostasis, 
and in some instances, necessitate immediate thora- 
cotomy with cross-clamping of the descending aorta, 
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or clamping transabdominally of the aorta at the 
diaphragmatic hiatus in order to gain temporary 
control. If, however, the associated injuries to the 
aorta and vena cava do not represent the major source 
of hemorrhage and exsanguination is suspected from an 
injury in the region of the porta hepatis, then a Pringle 
maneuver using vascular clamps will often allow the 
structures in the area to be dissected out in order to 
determine if the injury involves the portal vein, 
hepatic arteries, extrahepatic ducts, or a combination 
of structures. Depending on the findings, coupled with 
a knowledge of the previously reported experiences, 
a method of repair is then determined. 


Extrahepatic Ductal Injuries 


The ductal injuries reported here were due equally 
to penetrating and nonpenetrating trauma. Those owing 
to penetration are usually more lethal due to the in- 
volvement of associated injuries to the liver, duo- 
denum, pancreas, and other organs. On the other hand, 
injuries stemming from blunt trauma often present with 
a far different clinical picture, and these patients may 
relate a vague history of blunt trauma to the upper 
abdomen occurring days or weeks previously. This is 
followed by a variety of symptoms which may include 
jaundice, inanition, nausea, vomiting, abdominal dis- 
tension, ascites, acholic stools, recurrent pain, and 
mild temperature elevation. The pathophysiology 
which underlies the fact that a patient can tolerate a 
transected bile duct with minimal symptoms despite 
the intra-abdominal collection of large amounts of bile 
is not completely clear. However, there are both 
anatomic and bacteriologic considerations which may 
explain this. First, a significant portion of the bile may 
remain or dissect into the retroperitoneum which 
could mask overt intra-abdominal pathology. With time 
the disruption of the duct may gradually seal over with 
the remaining intraperitoneal bile being resorbed. 
Secondly, and perhaps more importantly is the obser- 
vation that intraperitoneal bile which is sterile is 
tolerated quite well. Cohn in 1960 showed experi- 
mentally in dogs that if the bile was infected it be- 


TABLE 5. Results per Type of Repair 








No. of 
Patients Mean Interval 
Requiring Requiring 
Secondary Secondary Follow-up 
Injury No. Operation Repair Repair (Mo) (Mo) 
Complete transection 5 Primary end-to-end 5 6 
3 Primary duct-enteric 0 — 22 
Incomplete transection 4 Primary repair (T-tube) 0 56 
l Primary repair (No T-tube) 0 48 





Vol. 191 e No. 5 


came lethal when leaked intraperitoneally, but if 
sterilized by antibiotics, there was a mild chemical 
peritonitis with low mortality." 

In those cases with bile duct injury due to blunt 
abdominal trauma the most frequent site of injury is 
at the pancreaticoduodenal junction and secondarily 
at the bifurcation of the hepatic duct or at the origin 
of the left hepatic duct. 

The hypothesis for the mechanism of ductal injury 
in blunt abdominal trauma is related to three factors: ^ 
1) the bile ducts are rigid and quite susceptible to a 
shearing force, especially if the gallbladder empties 
rapidly into them as a result of increased external 
. pressure, 2) the shearing force exerts its injury at the 
sites of maximum fixation which are at the points where 
the common bile duct enters the liver or pancreas, and 
3) since the bile duct is shorter and more fixed than 
the portal vein and hepatic artery, it receives preferen- 
tial injury. Fish and Johnson? also postulated that the 
blunt trauma in the right upper quadrant compresses 
the costal cartilages and upper abdomen, driving the 
liver cephalad in relation to the fixed pancreas and 
duodenum, thus causing a tear at the point just above 
the pancreas. All of our cases of ductal injury owing 
to blunt trauma were located just above the pancreas 
as might have been predicted by these hypotheses. 

In a discussion on delayed diagnosis of bile duct 
injury from some cases of blunt trauma, Skow and 
Longmire?* postulate that either a small tear in the 
duct may cause inflammation, fibrosis, and eventual 
stricture, or that traction may cause disruption of the 
muscularis of the duct without mucosal rupture and 
eventual healing of this muscle layer could produce 
late stricture. Experimental work by Casey and 
Peacock? presented convincing data that wound con- 
traction after injury, rather than collagen synthesis, 
was responsible for bile duct strictures. They also 
showed that excessive tissue damage and repair of bile 
ducts under tension substantially increased the likeli- 
hood of biliary tract stenosis subsequent to repair, both 
by increased wound contraction. 

The most important factor in determining how to 
manage the bile duct injury depends on whether or not 
the duct is completely or incompletely transected. 
From our experience complete transection almost 
always ends with stricture if the duct is repaired 
primarily, but has a favorable outcome if some type 
of duct-enteric anastomosis is performed. These 
findings were reported by Belzer! some years ago when 
he showed that an incomplete ductal injury could be 
successfully repaired by duct anastomosis or patch 
(vein or gallbladder graft) however, a transection when 
mobilized for primary anastomosis or patch almost 
always ended in stricture. Indeed Longmire!? in 1966 
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TABLE 6. Portal Vein Injury 








No. 
of Pa- Mortality 
Injury tients Repair (96) 
Incomplete 
transection 4 Lateral venorraphy 1 (25) 
Complete l End-to-end anastomosis 1 (100) 
transection | Splenic vein bypass 1 (0) 
l Saphenous vein interposition 1 (0) 
l Ligation 1 (100) 
2 Died in operating room before 
repair accomplished 2 (100) 





recommended duct-enteric anastomosis as the best 
method in the early management of injuries to the 
extrahepatic ducts. 

If the duct has been perforated or incompletely 
divided, primary repair can be successfully per- 
formed. There seems to be no definitive evidence 
that the presence or absence of a T-tube stent makes 
any difference in the rate of success. However, we 
feel that a T-tube stent should not be used if the 
duct is of a small caliber. 


Hepatic Arterial Injuries 


In 1910, Burton-Opitz* reported that the liver could 
survive on portal blood alone because it supplies 80% 
of the total hepatic blood flow. Trygstrep and co- 
workers”? showed that the hepatic artery provides 
30% of the flow but 50% of the oxygen delivery. 

While there have been isolated case reports!” of liver 
necrosis after hepatic artery ligation with an intact 
portal vein, this is distinctly unusual. If the injury to 
the porta hepatis involves only the common hepatic 
artery or its primary branches, and if repair is not very 
straightforward then ligation should be performed. 
In those patients with cirrhosis or severe pre- 
existing liver disease hepatic artery ligation should be 
avoided, since the livers in these patients depend on 
increased arterial flow. The safety of this technique 
has been supported in several reports on the manage- 
ment of liver trauma without undue side effects. !!.!^ 
Usually it is quite predictable that if the portal vein 
and artery are both injured, the liver will suffer 
ischemia and possible subsequent necrosis.!7 

All four of the hepatic artery injuries managed by 
ligation in the present series resulted from gunshot 
wounds. The only death occurred in a patient who had 
transection of the common hepatic artery and incom- 
plete disruption of the portal vein. This patient died in 
shock in the Emergency Room before any specific 
therapy could be instituted. In the patient who has a 
combined injury of the hepatic artery and portal vein, 
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TABLE 7. Results of Collective Series of Management of Portal Vein Injuries 
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Series Year Lateral Repair 
Bostich & Stone (Emory) 1975 7 (4) 
Graham et al. (Baylor) 1978 26 (16) 
Peterson et al. (UCSF) 1979 19 (13) 
Present Series (UCLA-Tulane) 1979 4 (3) 
Overall mortality (per cent) 36 


the surgeon will usually not be afforded much choice 
in operative procedures. In this situation after relative 
hemostasis has been established by the Pringle and/or 
other maneuvers, it is advised that the injured artery 
be ligated and attempts be made at portal vein repair. 
This technique has been reported by Fuller.'* 


Portal Vein Injuries 


Our experience is similar to that described by other 
authors ,?:!?792723 in that the mortality from portal vein 
injuries is usually about 50% and thus this type of 
trauma represents the most lethal to the structures in 
the portal hepatis. 

Although the management of portal vein injuries 
can be most easily handled by ligation, there is con- 
siderable controversy concerning the eventual con- 
sequences of such a procedure. Historically, in 1856, 
Ore?! first observed that sudden obliteration of the 
portal vein resulted in the death of three dogs within 
an hour. The pathophysiology responsible for the death 
was not clear, and Claude Bernard? in 1859 expressed 
the belief that death was due to exsanguination of blood 
from the brain and heart to the gut. However, in 1877, 
Schiff postulated that death resulted from toxic 
substances in the blood usually destroyed by the liver. 
Johnstone* demonstrated in a dog model that acute 
ligation of the portal vein reduces circulating blood 
volume by 58% of the original volume. He concluded, 
however, that death was not due solely to a decrease 
in circulating blood volume. Pilcher?* reported that the 
total hepatic flow in dogs is approximately 1—2 
L/minute and that the hepatic artery constitutes 
20-35% of the flow. He also found that the hepatic 
veins contribute 1—1.5 L/minute to the total inferior 
vena caval flow which is 2.5—2.7 L/minute, thus up to 
5096 of inferior vena caval return is from the hepatic 
veins. This information may be helpful when managing 
patients after acute ligation of the portal vein in that if 
the patient shows a marked drop in central venous 
pressure after portal vein ligation then :his indicates 
significant splanchnic pooling and the patient should be 
transfused to restore the central venous pressure to 
normal. Child? was the first to demonstrate that 


Method of Repair No. Patients (Survivors) 


E-E Repair Graft or Bypass Shunt Ligation 
3 (1) 0 1 (0) 8 (1) 
I (1) 0 1 (1) 4 (0) 
0 1 (1) 0 2 (9 
1 (0) £12) 0 1 (0) 
60 0 50 78 


acute portal vein ligation could be tolerated in the 
primate when he achieved an 80% survival in monkeys. 
He subsequently performed portal vein ligation in six 
patients during pancreaticoduodenectomy. 

We believe that the method of exposing the in- 
jured portal vein by medial reflection of the right colon 
and small bowel as described by Peterson?! is probably 
the most useful. As indicated earlier, associated in- 
juries, especially major vascular trauma, may dictate 
the method of emergency control, but if the vein is the 
principal acute injury, then packing and clamping the 
porta hepatis. with eventual reflection of the right 
colon, duodenum and pancreas, allows access to the 
injured vein. Sometimes it is necessary to approach 
the vein from the left by reflecting up the tail of the 
pancreas and splenic vessels as a "handle" to view 
this aspect of the vein. 

The methods of repair used in this series are listed 
in Table 6, and a summary of combined experience 
reported in the literature is given in Table 7. From our 
own experience, as well as that of others, we believe 
that, whenever possible, portal vein injuries should be 
repaired either with lateral or end-to-end repair, or 
with a bypass or vein graft. Despite successes in 
selected cases** overall experience with acute ligation 
and portasystemic shunts has been very discouraging; 
a portasystemic shunt in a patient with previous normal 
hepatic flow will undoubtedly cause severe encepha- 
lopathy.*! Enthusiasm for ligation has recently 
emerged in the belief that most patients with irreparable 
injury will survive only if ligation is successful. In this 
report” it is stressed that the majority will survive 
ligation without the necessity for a shunt in 24—48 
hours. Perhaps ligation heretofore was used only in 
desperate situations, nevertheless these earlier reports 
indicate an extremely low survival rate after this 
procedure. We believe that until further evidence is 
forthcoming, every method should be employed to 
prevent ligation. Experience with pressure measure- 
ments after ligation as well as follow-up studies to 
determine vein patency after repair, and the occurrence 
of portal hypertension are essential before final con- 
clusions can be drawn. 
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DISCUSSION 


DR. WiLLIAM A. NEELY (Jackson, Mississippi): At the University 
of Mississippi Medical Center we manage a substantial number of 
severely injured patients on our trauma service, and injuries to 
the liver and the porta hepatis are not uncommon. However, I 
will limit my remarks to a single case, though we have had an ad- 
ditional patient who required duodenal resection. 

The patient was a 26-year-old man who walked into our emer- 
gency room after having been involved in a motor vehicle ac- 
cident where his motor scooter struck the rear of a large truck. He 
went up under the truck, and he was struck in the abdomen. Struck 
in the upper abdomen, he felt severe pain, and vomited once. 

Physical examination revealed generalized tenderness, with some 
rigidity and absence of bile sounds. At laparotomy, a long and 
deep laceration of the left lobe of the liver and repaired. The com- 
mon duct was severed just distal to the level of the cystic duct, 
and the head of the pancreas and the duodenum were so macerated 
that the specific ductal structures could not be clearly identified. 

(Slide) Accordingly, we ligated the distal common duct, and 
performed the resection and anastomosis shown in this slide. The 
duodenal stump was closed. A partial gastrectomy, a cholecysto- 
jejunostomy, a gastroenterostomy, an enteroenterostomy, and a 
choledochostomy with T-tube were performed as illustrated. 

After a month of hospitalization complicated by staphylococcal 
pneumonia, the patient was discharged. I have seen this patient 
several times since he was discharged from the hospital. 


DR. David B. SKINNER (Chicago, Illinois): I would particularly 
like to address the difficult problem of the occult bile duct injury. 
In this paper, we heard that 3 of 7 patients with blunt abdominal 
trauma had a delay in the diagnosis for up to one year. Five years 
ago, I was asked to operate on a 27-year-old man who held the same 
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highly spiritual commitment that Dr. Griffen's patient did, who was 
bleeding from esophageal varices on several occasions. We had 
planned to do a portacaval shunt on this man. 

At operation, we found a mass behind the head of the duodenum. 
In exploring this further, a bile lake was encountered. We opened 
the duodenum and explored the common duct through the ampulla, 
and found a transection of the duct, with a connection through a 
biliary fistula in the retroperitoneum, and dilatation of the proximal 
common duct. 

Based on these findings, we changed the operative course, and 
did a common duct reconstruction to the duodenum. Postoperatively, 
close questioning revealed that this man had been involved in a motor 
accident two years before, had suffered blunt abdominal trauma, 
was observed in hospital for three days, and then discharged. He 
gradually then showed progressive deterioration of liver function, 
attributed to alcoholism. 

After the common duct reconstruction, he has now gone for 
five years with no further bleeding, with a reversal of his portal 
hypertension, and with microscopic reversal of his biliary cirrhosis, 
confirmed by needle biopsy. The long-term consequences of a missed 
bile duct injury are, obviously, highly significant, but are rever- 
sible even at a later time. 


DR. H. HARLAN STONE (Atlanta, Georgia): These wounds present 
a great challenge. (slide) On reviewing our experience with portal 
venous injuries, a large number were found to have associated major 
vascular trauma, such as wounds of the aorta and of the vena cava. 
These other wounds have required primary attention, so we have 
preferred to put a circular, noncrushing vascular clamp across the 
porta hepatis to control the portal venous bleeding until the injury 
to the aorta or cava has been corrected. As Dr. Cerise has stressed, 
associated injuries are often the very reason for the patient's death. 

With respect to suture of the portal vein, we routinely attempt 
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a lateral repair. However, there are occasions when this is im- 
possible. Similarly, an end-to-end reanastomosis is out of the ques- 
tion in most cases. In desperation, ligation of the portal vein has 
been used. 

To our amazement, eight of the ten initially subjected to ligation 
were long-term survivors. Since that time, we have ligated the portal 
vein in ten other patients, with survival in eight. (slide) This is a 
portal vein being ligated, as we felt repair was technically impossible 
by lateral phleborrhapy. On the eleventh postoperative day, a celiac 
angiogram demonstrated a reconstitution of the portal vein. Pre- 
sumably, collateral channels are present in most, if not all, of these 
patients. 

(slide) Nevertheless, because of obstruction to portal outflow, 
sequestration of blood into the splanchnic bed will occur. The pa- 
tient then becomes splanchnic hypervolemic, as he develops 
peripheral hypovolemia. Patients have died of such splanchnic pool- 
ing. Since appreciating this particular problem, these patients have 
been followed closely with either central venous or pulmonary 
artery pressures in order to maintain a functionally normal peripheral 
blood volume. This may require the over-transfusion of a volume 
of blood almost equal to their own normal blood volume. To date, 
we have remained satisfied with the results obtained from ligation 
of the portal vein whenever lateral repair could not be accomplished. 


DR. J. ROGER NEwsrEDT (Cincinnati, Ohio): I had czcasion some 
years ago to receive a patient, 27, who came down into the emergency 
room of a hospital in Cincinnati after a 50-mile trip. successfully 
negotiated on his motorcycle with a woman on the rea: seat, only to 
come to grief at the last minute on a spin-out on wet pavement. 

He was brought to the hospital by police ambulance at about 
midnight, complaining of abrasions and contusions of the right 
upper and lower chest, and not very much else. He vomited twice 
while he was being examined in the emergency room, and the emer- 
gency room physician, finding nothing on chest x-ray, gave him 
codeine for his pain, Dramamine for his vomiting, and then sent 
him home. 

About four hours later, he was brought back to the emergency 
room by a taxicab driver, all of his friends and the police having 
long since departed, with the report that he had passed out four 
times getting into the cáb, and vomited rather continuously all the 
way. He was in shock, of course, a typical example, as in Dr. Cerise's 
presentation. 

After resuscitation in the operating room— we finally got him 
there— he did indeed have massive hemorrhage, and he had a gall- 
bladder dangling by what turned out to be its cystic duct. This 
was the first time that I had seen this kind of an injury. He had a 
laceration of the liver through the gallbladder bed, extending, 
perhaps, a third of the way into the substance of the liver. And the 
source of the bleeding was not immediately apparent, but with 
pressure in the foramen of Winslow we finally discovered the hole 
in the side of what I think was the right hepatic zrtery, and we 
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ultimately did have to ligate that, and that was a matter of con- 
siderable trepidation at the time. 

Fortunately, that did not cause any great trouble. He did recover, 
youth and health being what it is, and subsequently a liver scan 
study showed that there was good uptake of the isotope in the entire 
liver. 

I suppose that if the ultimate indignity that both patient and surgeon 
are subject to is the death of the patient, the penultimate indignity 
must be to have the patient skip out after being brought back 
successfully from the grave to avoid paying his bill, and thus be lost 
to all follow-up: and I regret that that is what I have to report about 
this particular patient. To paraphrase Shakespeare's King Lear, all | 
can say is: "How sharper than a serpent's tooth it is to have a 
thankless patient. 


Dr. RONALD W. Busurrir (Closing discussio): Drs. Neely, 
Skinner, and Newstedt, we appreciate your comments and your 
very interesting cases. 

Dr. Stone, your personal commitment to the field of trauma 
surgery is well known and appreciated by all of us. However, despite 
your recent successes with portal vein ligation, we feel that the 
overall experience using this technique as a primary mode of therapy 
has really not proved to be a very acceptable modality due to the 
high mortality. 

Perhaps if one ligates the portal vein distally, so that the last 
branch, the pancreaticoduodenal, is not included in this ligation, 
as Dr. Warren mentioned yesterday in his Presidential Address, then 
adequate collateralization can occur, to make this a more uniformly 
acceptable method of treatment. 

I think we would all agree that there is no doubt that there are 
going to be certain situations in which the portal vein is so damaged, 
or that the patient is in such distress that definitive repair will not 
be accomplished. In these situations, then, I think portal vein 
ligation will have to be resorted to as a necessity; but I think at the 
present time, with the current data which is available, that ligation 
should be resorted to only when repair is absolutely precluded. 

Until further phvsiologic and hemodynamic data is available to 
help evaluate the consequences of portal vein ligation, specifically, 
the splanchnic congestion and the late development of portal 
hypertension, some type of repair should be attempted. Dr. Stone, 
we look forward to your continuing contributions on this very im- 
portant problem. 

In summary, Í would like to conclude by saying that although 
severe porta hepatis injury is indeed a potentially devastating 
condition, by adhering to the specific principles that we have out- 
lined, these patients can be treated with an acceptable mortality. 

(slide) We feel that mortality, indeed, best correlates with the 
injury to the portal vein and with injury to three or more associated 
organs. And lastly, as was emphasized, postoperative sepsis is of 
great importance in these patients, in that, the vast majority of them 
will have some type of a septic complication, and one should be aware 
of that. 


The Value of Choledochoscopy in Exploration of the 


Common Bile Duct 


DAVID V. FELICIANO, M.D., KENNETH L. MATTOX, M.D., GEORGE L. JORDAN, JR., M.D. 


Direct visualization of the biliary tree using choledochoscopy 
has been recommended as a technique to improve the accuracy 
. of common duct exploration. In several series the incidence 
of retained biliary calculi has been dramatically reduced 
using choledochoscopy, and some authors have reported the 
findings of other unsuspected benign and malignant lesions 
as well. During an eight-year period 288 patients underwent 
exploration of the common bile duct specifically for cal- 
culous disease. Operative rigid choledochoscopy was per- 
formed in 140 patients in this group, with 79 found to have 
choledocholithiasis; seven retained stones occurred in this 
group for an incidence of 8.9%. Routine common duct ex- 
ploration in the other 148 patients revealed 67 to have choled- 
ocholithiasis; six retained stones occurred in this group for 
an incidence of 9.0%. Though there was no difference in 
the incidence of retained stones with or without choledochos- 
copy, 20 patients were found to have stones missed during 
routine exploration once the rigid choledochoscope was 
inserted. In addition to the obvious value of the choledo- 
choscope in identifying and removing common duct stones, 
it was also found to be an aid in removing stones in the intra- 
hepatic ducts and in clarifying atypical anatomy. Other 
causes of biliary obstruction such as a liver fluke, benign 
polyp, benign strictures, and ductal carcinomas were identified 
by use of biopsy forceps inserted through the choledochoscope. 
It is recommended that routine choledochoscopy be performed 
during common duct explorations and that surgical training 
programs insure that residents learn the technique of 
operative choledochoscopy. 


LECTIVE OPERATIONS on the biliary tract have 
E been performed only in the past century. Bobbs 
performed the first successful elective cholecystostomy 
in 1867, and Langenbuch the first successful elective 
cholecystectomy in 1882.? Within a few years the 
necessity for removal of stones from the common 
bile duct was recognized and choledochotomy was 
introduced. 

Thirty years ago reports from some centers docu- 
mented that choledochotomy was performed in 45% of 
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patients undergoing cholecystectomy, with stones 
found in the ducts in 36%. The incidence of 
choledochotomy and the incidence of common duct 
stones have decreased during the intervening period so 
that at the present time, most reports indicate the 
performance of choledochostomy in 15-2596 of 
patients undergoing cholecystectomy, with stones 
found in 40-50% of ducts explored.’ 

Complete eradication of calculous material from the 
biliary ductal system is the desired objective, but this 
has exceeded the capabilities of surgeons to date. The 
incidence of retained stones in most reported series 
ranges from 5— 15%, despite many ingenious technics to 
identify and extract stones. One technic is choledochos- 
copy. Since first introduced by Mclver in 1941, a 
variety of both rigid and flexible instruments has been 
produced for visual examination of the biliary ducts.® 
The use of such instruments did not become popular 
because the optical systems were inadequate and 
significant complications resulted. In 1971, Shore 
reported the use of a rigid instrument with a lens system 
designed by Hopkins, which did not require focusing 
for good visualization.'!? Although a number of 
enthusiastic reports on the use of this instrument 
appear in the literature, it has not had widespread use 
and most of the currently published reports include 
only a few patients. We were able to identify only two 
reports of series exceeding 100 examinations and one of 
these represented a collaborative study from six 
participating institutions.!?:!? 

We first used this instrument in the latter part of 1974. 
Since that time, it has been used selectively by surgeons 
in our hospital. Currently, it is used in approximately 
90% of all patients undergoing common duct explora- 
tion. When our preliminary experience with 115 
consecutive patients undergoing common duct explora- 
tion was reviewed in 1976, it was found that the 
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choledochoscope had resulted in the identification of 
seven stones which had been overlooked by other 
technics and there were no retained stones in this group 
of patients. This report is a review of our experience 
with 302 patients undergoing common duct exploration 
at the Ben Taub General Hospital during the past seven 
and a half years, a period during which common duct 
explorations first were done without operative cho- 
ledochoscopy, and then later with the selective use of 
the rigid choledochoscope (Fig. 1). 


Materials and Methods 


From January, 1972, through October. 1979, 302 
patients underwent exploration of the common bile 
duct at the Ben Taub General Hospital, excluding 
patients with preoperative diagnosis of cancer of the 
pancreas, ampulla of Vater, or with common duct 
stricture. In 14 patients, exploration was for un- 
diagnosed obstructive jaundice, and a variety of causes 
were identified. Two hundred eighty-eight patients 
had exploration specifically for calculous disease and 
constitute the group for analysis. Eight patients of 
this group had undergone prior cholecystectomy, 
while the remaining 280 underwent cholecystectomy 
and common bile duct exploration. Indications for 
common duct exploration were those classically 
described. Jaundice or ascending cholangitis were 
considered absolute preoperative indications for 
common duct exploration. At the time of operation 
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FiG. 1. Storz rigid fiberoptic 
choledochoscope (top); rigid 
biopsy forceps attachment 
(center); flexible biopsy for- 
ceps attachment (bottom). 


an enlarged common bile duct and/or the palpation 
of stones within the common bile duct were con- 
sidered absolute indications for exploration. The 
presence of small gallstones in a gallbladder with a 
large cystic duct or a history of pancreatitis were 
considered relative indications for exploration, but 
few patients had common duct explorations for this 
reason. In such patients, intraoperative cystic duct 
cholangiography without opening the common bile 
duct was usually a deciding factor. This technique 
was used at the discretion of the surgeon, and a 
positive cystic duct cholangiogram was an indication 
for exploration. We have no experience with the 
intraoperative measurement of common duct resistance 
for the detection of common duct abnormalities.” 
The standard common duct exploration was per- 
formed through a longitudinal incision on the anterior 
or anterolateral aspect of the common bile duct, 
with visual inspection of the area in immediate 
proximity to the incision. The exploration of the 
remainder of the ductal system was then carried 
out in the usual fashion, using irrigation of the 
ductal tree, as well as probes, forceps, and scoops 
in the majority of cases. In some patients, Fogarty 
biliary catheters or Glassman instruments were used. 
When the choledochoscope was used, visualization 
of the entire extrahepatic system was accomplished, 
as well as the major and secondary intrahepatic 
ducts. The instrument was usually passed com- 
pletely through the ampulla into the duodenum. 
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Although cholangiography was not routinely per- 
formed prior to opening the duct, a T-tube cholangio- 
gram was performed prior to completion of the pro- 
cedure, regardless of whether or not choledochoscopic 
examination had been performed. Completion cholan- 
giography was accomplished in all but 15 of the 
288 patients. 

Additional procedures were performed in only 16 
patients. Three patients underwent a choledocho- 
enteric anastomosis specifically because of problems 
with multiple stones and concern about future stone 
formation. In five additional patients such an 
anastomosis was performed for other reasons, such 


. as benign stricture or severe stenosis of the sphincter 


of Oddi. In this group of eight biliary—enteric 
bypasses there were five choledochoduodenostomies 
and three choledochojejunostomies. The other eight 
patients underwent sphincteroplasty. In most in- 
stances this was required for adequate exploration 
of the common bile duct or to extract an im- 
pacted stone, rather than because of significant 
sphincter stenosis. 

Before dismissal from the hospital, T-tube cholangi- 
ography was performed in the radiology department 
under fluoroscopy, usually between five to ten days 
postoperatively. This procedure was omitted in four 
patients, including two with allergies to radiologic 
dye, one who was 20 weeks pregnant, and one in 
whom the T-tube became displaced. If an abnormality 
was suspected on the basis of this examination, a 
repeat study was performed within a few days for 
confirmation. When the repeat study demonstrated 
a constant finding, the diagnosis of retained common 
duct stone was made and a treatment regimen 
recommended. Treatments included simple observa- 
tion with hope of spontaneous passage, heparin 
irrigation, extraction with a Dormia basket under 
radiographic control, endoscopic papillotomy, or re- 
operation. Reoperation for retained stones was 
ultimately performed in only four of the 288 patients. 


Results 


Exploration of the common bile duct led to the 
identification of common duct stones in 146 patients. 
In an additional two patients, stones were identified 
in the postoperative cholangiogram in patients thought 
to have normal ductal systems at the time of initial 
operation. Thus, the total number of patients with 
choledocholithiasis was 148, 51.4% of all patients 
undergoing exploration of the common bile duct for 
calculous disease. Based on careful and repeated 
cholangiographic studies, 15 patients (5.2%) had re- 
tained stones on postoperative T-tube cholangiograms 
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TABLE 1. Common Bile Duct Exploration in 288 Patients 
for Biliary Tract Stones 





Number Per Cent 
ee ee an ae ee ee ee ee ee 
Patients with stones 148 51.4 

found at operation 146 50.7 

found postoperatively 2 0.7 
Examination with choledochoscope 140 48.6 
Retained stones 15 3:2 





(Table 1). Of those patients having identification 
of choledocholithiasis at the time of operation, 8.9% 
were subsequently identified as having retained stones, 
while 1.4% of those having an initial negative 
examination were found to have retained stones. 
Comparison of the incidence of retained stones in 
patients having examination with choledochoscopy 
and those without revealed no difference. Nine per 
cent of the 67 patients subjected to only routine 
common duct exploration were found to have retained 
stones, while 8.996 of those having the routine 
examination plus cholecochoscopy had retained 
stones (Table 2). Among the patients having no 
stones found at the initial operation, one of the 
retained stones occurred in a patient without 
choledochoscopy and one with choledochoscopy. In 
two of the patients with retained stones, cholangi- 
ography at the time of operation had demonstrated 
the presence of stones in the intrahepatic radicals 
which could not be extracted, and thus the post- 
operative finding was of no surprise to the operating 
surgeon. A third patient was known to have had 
intrahepatic stones and had never been free of calculus 
material since the time of his first operation. He 
underwent a second biliary -enteric anastomosis, the 
previous one having been performed in another 
hospital without relief of his recurrent stone forming 
problem. This patient was subsequently reoperated 
on more than one time for relief of his obstructive 
jaundice due to stones and at no time since the first 
diagnosis of biliary tract disease has this patient 
ever been free of stones. In the remaining 12 
patients, or 4.2% of the entire group, however, the 


TABLE 2. Common Bile Duct Exploration in 146 Patients 
with Choledocholithiasis Found at Operation 


ES 


Retained Stones 


Number Per 


Number Per 
Patients Cent Patients Cent 
i peep Á—— 
‘Routine examination 67 45.8 6 9.0 
Routine examination 
plus choledochoscopy 79 54.2 Ed 8.9 
146 100.0 13 8.9 
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operating surgeon believed that he had completely 
removed all stones from the biliary tract and the 
finding of a retained common duct stone was un- 
expected. 

Despite the fact that there was no significant 
difference in the incidence of retained stones in 
those patients having choledochoscopy and those 
who did not, the use of the choledochoscope was 
extremely valuable in this series of patients. In 
14% (20/140) of patients in whom it was used, this 
technique identified stones which had been over- 
looked by the usual methods of exploration. This 
represents almost 2596 of those patients in whom 
stones were found. Whereas some of these stones 
would certainly have been found at the time of the 
completion cholangiogram, this would have neces- 
sitated re-exploration of the common duct and sub- 
sequent time spent in completion cholangiograms. 
Furthermore, the choledochoscope was found to be 
useful in removing stones located in the intrahepatic 
ductal system. Under guidance with the choledocho- 
scope, a Fogarty catheter could be placed properly 
beyond the stone to aid in its extraction, and of 
equal importance, an irrigation solution flowing 
through the end of the instrument was used to 
dislodge stones from the intrahepatic radicals. The 
choledochoscope was also of value in clarifying 
atypical anatomy and in diagnosing causes of biliary 
tract obstruction other than common duct stones in 
seven patients. A liver fluke was identified and re- 
moved in one patient. A benign polyp was iden- 
tified and removed with the choledochoscope. Two 
benign strictures were identified and biopsied and 
two unsuspected malignancies in association with 
stone disease were biopsied. 


Management of Retained Common Duct Stones 


Treatment of the proven retained common duct 
stones in 15 patients varied, depending on the pref- 
erence of the responsible surgeon. In three patients 
a long period of observation was chosen during which 
time the stone spontaneously passed. Infusion with 
heparin was used in an attempt to dissolve stones in 
seven patients. In one patient the technic was totally 
successful and in a second was thought to be success- 
ful but the patient was lost to follow-up and final 
evaluation was not possible. In a third patient two 
stones were dissolved with heparin and the one small 
stone that was left was treated by endoscopic 
papillotomy. Two of the remaining patients had 
successful removal under radiographic control with a 
Dormia basket, while two ultima:ely required re- 
operation with successful removal of the stones. 
Two other patients, including the one patient pre- 
viously mentioned, required re-operation for retained 
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stones. One patient in this group died after re- 
operation. In two patients no specific treatment was 
performed. One patient had been discharged from 
the hospital with a T-tube in place planning ex- 
traction with the Dormia basket. Three weeks later 
she remained without biliary tract symptoms, but 
suddenly died from a presumed pulmonary embolus 
after returning to the emergency center. The last 
patient had an intrahepatic stone which could not be 
extracted. 


Mortality Rate 


Seven of the 288 (2.4%) patients operated on for . 
calculous disease died postoperatively. Six were 
operated on for acute inflammatory biliary tract 
disease with sepsis. Four died of sepsis, one of 
aspiration pneumonia, and the sixth following amputa- 
tion of a lower extremity after spontaneous occlusion 
of the femoral artery. The seventh death occurred in 
the patient who died in the emergency center three 
weeks postoperatively. One patient in the group of 
four reoperations for retained stones died following 
the second operation. Thus, the total mortality rate 
following primary and secondary operations was 
2.796. There were no postoperative deaths in patients 
undergoing elective common duct exploration who 
did not have stones in the common bile duct. 


Discussion 


Retained common duct calculi represent a sig- 
nificant source of morbidity following choledocho- 
lithotomy. Though improved methods of retrieval 
are now commonplace, the cost and potential com- 
plications to the patient with retained common duct 
calculi mandate the adoption of the most successful 
methods for complete removal of common duct 
calculi at primary choledocholithotomy. 

The simplest technique for cleansing of the 
ductal system is thorough irrigation. This is often 
performed with a red rubber catheter, but more 
effective irrigation can be accomplished by use of a 
metal irrigating tip on the syringe. This tip can then 
be placed specifically into the right and left hepatic 
ducts or through the ampulla of Vater. The use of 
scoops, forceps, and special instruments such as those 
devised by Glassman or the Fogarty biliary catheter 
may be necessary when there is a difficult extraction 
from intrahepatic ducts. Once cleansing has been 
completed, a T-tube compatible with the internal 
diameter of the common bile duct is inserted to allow 
for intraoperative cholangiography and postoperative 
decompression, cholangiography, and possible non- 
operative extraction of retained stones. Though 
postexploratory intraoperative T-tube cholangiography 
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is commonly used to prevent retained common 
duct stones, most large series demonstrate the failure 
of the ‘‘flush’’ technique to eliminate completely the 
problem of retained stones.‘* 

The fate of our patients with retained common 
bile duct stones is not dissimilar from that of 
patients in other large reported series.''* Both heparin 
infusions and nonoperative extraction of retained 
stones have been used in our patients in a manner 
similar to that reported by others.?^? Experience with 
the retrograde endoscopic flush techniques or endo- 
scopic papillotomy is limited in this group of patients.? 
Currently, reoperation for retained stone is rarely 
necessary. 

The adoption of special procedures for stone 
extraction has been slow in this country. In recent 
years adjuncts such as manometric cholangiography 
and operative choledochoscopy have resulted in two 
reports of retained common duct calculi as low as 
1.0 and 2.9%, respectively. Others have not duplicated 
these excellent results in large series and neither 
technique has gained wide acceptance.*? 

The clinical efficacy of operative choledochoscopy 
has been reported by several authors, yet the tech- 
nique is not in common use nor is it taught in 
most surgical residency programs.*:19:!5 Choledochos- 
copy was initiated in our hospital in order to aid in 
clearing common duct calculi at primary choledocho- 
lithotomy. We were disappointed not to find a de- 
crease in the incidence of retained stones with use of 
the rigid choledochoscope. The reasons for this are 
not clear. 

The technique of operative rigid choledochoscopy 
is simple to teach, and a minimal amount of 
operating time is required for its use.'' Once 
exploration has been performed in the usual fashion, 
the rigid choledochoscope is inserted, and the over- 
head lights in the room are dimmed. The proximal 
intrahepatic ducts and distal duct down through the 
ampulla are visualized. 

Despite our failure to record a significant de- 
crease in retained stones among patients in whom 
choledochoscopic examination was performed, we be- 
lieve that the use of this instrument is an important 
part of common duct exploration. As noted pre- 
viously, the choledochoscope did identify stones which 
had been overlooked intraoperatively in 20 patients. 
Other advantages which encourage its continued use 
include localization of impacted calculi, interpretation 
of *nonemptying" on cholangiography, clarification 
of ‘filling defects” on cholangiography, delineation of 
anatomy, aid in stone extraction, diagnosis of other 
ductal lesions, and ability to biopsy ductal lesions 
through the scope. Our experience in biopsying 
ductal lesions was similar to that of Tompkins 
et al,” 
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Encouraged by excellent results with the cho- 
ledochoscope, some have suggested elimination of 
completion cholangiography.* We believe, however, 
that postexploratory completion T-tube cholangi- 
ography is a mandatory part of common duct 
exploration in which choledochoscopy is also 
performed. 

There has been no reported morbidity and in- 
significant increase in operating time when operative 
choledochoscopy is used with the currently available 
instruments. Therefore, it is recommended that 
routine choledochoscopy be performed during com- 
mon duct explorations and that surgical training 
programs insure that residents learn the technique 
of operative choledochoscopy. 
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DISCUSSION 


Dr. RoBERT M. Miles (Memphis, Tennessee): I agree with 
Dr. Jordan about the use of choledochoscopy. It’s been very 
helpful to me to appreciate pathologic lesions of the common bile 
duct, and to solve difficult common duct problems. 

In my opinion, too, it should be included in the surgical resident's 
curriculum. It's a tricky procedure, and should be practiced in the 
laboratory before using it in the operating room. One of the 
problems in laboratory practice is that the common bile duct in the 
average size dog is too small. We have found that, in addition to 
many other uses, the vena cava makes a good substitute common 
duct model. In the average sized dog the inferior vena cava is just 
about the size of the human common bile duct, and if we exclude a 
segment of the vena cava and open it and aspirate the blood, it looks 
surprisingly like the common duct through the choledochoscope. 

(slide) We open the dog and tie off all the lumbar veins, ligate 
the vena cava just below the renals, ligate the iliacs, and do our 
venotomy here. Next we insert the choledochoscope distally, and 
practice the procedure. 


DR. WILLIAM O. BARNETT (Jackson, Mississippi): I support 
Dr. Jordan’s contention that cholodochoscopy is of value during 
common duct exploration. Our experience includes 42 duct ex- 
plorations in which choledochoscopy was used. From this experi- 
ence, we would include the following among our impressions. 

It is a relatively simple procedure, which, of itself, does not 
significantly prolong, or extend, operating time. Choledochoscopy 
provides a direct visualization of the lumen of the duct and its 
contents, in contrast to blind and indirect manipulations. As 
experience is gained, the differentiation of ductal obstructing 
mechanisms can be definitively established in a relatively short 
time, in many instances. 

It also provides in many circumstances a simple and direct method 
of detection and extraction of intrahepatic stones—of course, with 
the aid of the Fogarty biliary-type catheter. 

Choledochoscopy, in our opinion, is no substitute for other estab- 
lished adjunctive maneuvers which can be used during common duct 
exploration. Indeed, even in these modern times, there is yet 
ample room for additional assistance for the surgeon attempting 
to completely rid the common duct of retained stones. 


Dr. JOHN L. FARRINGER, JR. (Nashville, Tennessee): I rise to 
confess that the choledochoscope has not been as useful in our 
hands as it has in those of Dr. Jordan and his colleagues, and Dr. 
Miles’, and Dr. Barnett’s. We embraced the flexible scope with 
great enthusiasm when it first became available. We have used both 
the flexible scope and the rigid scope. We encountered great 
difficulty in keeping the common bile duct distended. We have tried 
compressing the duodenum with a sponge on the sponge forcep, 
and compressing it manually. Of course, when there is an impacted 
stone in the ampulla, or carcinoma of the ampulla, or stenosis of 
the sphincter, it's easy to keep the distal duct distended. One can 
visualize proximally without difficulty. However, we have not 
worked out a trick for this, and I hope Dr. Jordan will tell us how 
he can keep the distal duct distended when the sphincter is normal. 

In reviewing over 7000 operations on the biliary tract at the Baptist 
Hospital in Nashville, we have found the operative cholangiogram, 
when done routinely, or almost routinely, to be most helpful. And 
since that has been used extensively by a great variety of surgeons 
at our hospital, we have had less than a 4% incidence of retained 
stones. This is a community hospital, and, of course, most of the 
surgery is done by senior surgeons. 

I'd certainly appreciate Dr. Jordan educating me on how to keep 
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that distal duct distended, so that I don't get a red-out when the 
mucosa touches the lens. 


DR. SAMUEL M. Day, JR. (Jacksonville, Florida): I rise to bring 
up another point. Florida is one of the states in which the people 
resort to legal means more frequently than some of the others. We 
have found that some of our best doctors are the ones that are 
being sued the most these days. We were in such bad shape that 
we had to form our own insurance company, which we are operating 
very well. As one who reviews for them, I have found that oftentimes 
informed consent is something that we doctors neglect, and 
particularly that is true in gall stones. We have recently had one 
of our members win a mediation hearing brought because of 
retained stones. 

So I wish to point out the importance of talking to these patients 
ahead of time, and always telling them of the possibility that it's 
impossible to assure them that all their stones will be removed. 

It would be better, too, to tell them that there might be some 
injury, or something of that sort. This is important, and I urge you 
to do it. 


DR. GEoRGE L. JoRDAN, JR. (Closing discussion): Dr. Miles, 
that's certainly an ingenious method for teaching this technique. 
We hadn't thought of it; and in view of the number of stones that 
have been left behind, we perhaps should use it. 

Dr. Barnett, obviously your experience has been similar to ours, 
and I would have nothing to add to it. 

The flexible scope has been more difficult to use than the rigid 
scope. Because of the lens system, it does require focusing, and the 
depth of focus is not as good. Also, the quality of the image is not 
as good. Apparently there is no way, with the light-carrying 
optics in the flexible scope, to reproduce what can be done with this 
particular lens system. 

We have had no particular problem about distention of the duct, 
and I’m not sure why that problem exists. In most patients who 
have a negative exploration, the size of the scope is not too greatly 
different from the size of the duct, and thus distention isn't really 
a particular problem. It's in the patient who has multiple stones 
in a very large, dilated duct that I have found this at times to be a 
problem, and have used the technique that one has already men- 
tioned; namely, to occlude the duct tightly around the scope during 
the period of inspection. 

The other important factor is the flow rate of the irrigation fluid, 
because the distention is accomplished by instilling irrigation fluid 
through the scope at all times, and if one will increase the force of 
irrigation, one can then dilate the duct, even though the fluid is 
flowing freely into the duodenum. 

The comment about malpractice suits is certainly appropriate 
today, and I think everyone needs to tell their patients about 
this possibility, because in our review we found no large series 
where any surgeon removed all the stones, though there are a couple 
of reports in the literature of retained stones of only 1 or 2%. 
Dr. Thomas White has such a report, and Schein, in using the 
choledochoscope, had retained stones in only 2.9%. 

Nevertheless, nobody gets them all out, and so, whatever the 
percentage is, the patient needs to know of this possibility. 

The last thing I would like to say is to point out again the fact 
that one can get into trouble with small numbers of cases. There 
are a number of reports in the literature indicating that the 
choledochoscope is virtually uniformly successful in removing all 
stones; and as we mentioned, we treated 100 consecutive cases 
and had no retained stones. Then we had six retained stones 
in 24 cases. 

We have presented all the cases, and though our data didn't turn 
out to be as good as we would like, that's just the way it is. We 
tried in this report, as in most Houston series, to have a sufficiently 
large enough group of patients to provide meaningful data. 
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S l [n patients with serious bacterial infection, the 
e ecting choice of antibiotic therapy is usually made on the 
an aminoglycoside: | basis of the effectiveness-to-risk ratio. This considera- 
tion is particularly important when an aminoglycoside 
ae SONT "RA antibiotic is indicated. 
l | The activity of Nebcin* (tobramycin sulfate, Lilly) 
against a wide range of gram-negative organisms is 
now well known. A review of worldwide literature 
shows "that tobramycin has significant antibacterial 
activity and that it is the most potent of all aminogly- 
cosides against P. aeruginosa. The antibacterial 
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activities of tobramycin and gentamicin against mem- serious complicated and recurrent urinary 


bers of the Enterobacteriaceae are comparable, with tract infections 
each agent possessing slightly greater activity than the serious skin, bone, and soft-tissue infections, 
other against selected strains of any species." including burns 

Nebcin is indicated in the treatment of 


caused by susceptible strains of the following 

microorganisms: Pseudomonas aeruginosa, 

Escherichia coli, Proteus sp. (indole-positive and 
| indole-negative), Providencia, Klebsiella-Entero- 
bacter-Serratia group, Citrobacter sp., and 
staphylococci, including Staphylococcus aureus 
(coagulase-positive and coagulase-negative). 


The proximal tubule 


The proximal tubule is the site in the 
renal system where aminoglycosides produce 
nephrotoxicity: 

An investigator has studied the urinary 
excretion of alanine aminopeptidase, a principal 
enzyme of the brush-border membrane of the proximal 
tubule? Levels of the enzyme become elevated in the 
urine as a result of toxic lesions in acute tubular necro- 
sis or of inflammatory processes in the kidney, such as 
rejection crisis. In measurements of the effect of amino- 
glycosides (administered for three consecutive days) on the excretion 
of this enzyme by healthy humans, tobramycin appeared to have a 
minimum effect on the brush-border membrane. 

Another investigative team has studied the relationship between 
tissue concentration and toxicity? The toxicity of aminoglycosides 
may be related to the degree of their binding to tissue. Hence, 
aminoglycosides that accumulate less may be less nephrotoxic. 

All aminoglycosides are potentially nephrotoxic and ototoxic. 
Therefore, patients should be monitored closely when aminogly- 
cosides are being used. Patients with impaired renal function, the 
elderly, those with underlying disease, those with prior exposure to 
potentially nephrotoxic agents, and those with poor host resistance 
are at special risk. During clinical trials in 3506 patients treated with 
tobramycin, investigators reported drug-related nephrotoxicity in 
1.5 percent (53 patients). 

In view of the effectiveness of Nebcin and the relatively low risk of 
nephrotoxicity, tobramycin can be an appropriate choice for patients 
requiring aminoglycoside therapy. 


septicemia 

serious lower respiratory infections 

gastrointestinal infections, including 
peritonitis 
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Summary of Prescribing Information 


WARNINGS 
Patients treated with Nebcin should be under close clinical observaticn, 
because tobramycin and other aminoglycoside antibiotics have an inherent 
potential for causing ototoxicity and nephrotoxicity. 

Both vestibular and auditory ototoxicity can occur. Eighth-nerve impairment 
may develop if patients have preexisting renal damage and if Nebcir is admin- 
istered for longer periods or in higher doses than those recommended. 

Tobramycin is potentially nephrotoxic. Renal and eighth-nerve function 
should be closely monitored in patients with known or suspected renal 
impairment and also in those whose renal function is initially norma! but who 
develop signs of renal dysfunction during therapy. Such impairment may be 
characterized by cylindruria, oliguria, proteinuria, or evidence of nitrogen 
retention (increasing BUN, NPN, or creatinine). Evidence of impairment in 
renal, vestibular, or auditory function requires discontinuation of tre drug 
or dosage adjustment. 

Nebcin should be used with caution in premature and neonatal infants 
because of their renal immaturity and the resulting prolongation of serum 
half-life of the drug. 

In the case of overdosage or toxic reactions, peritoneal dialysis or hemo- 
dialysis will help remove tobramycin from the blood. 

Serum concentrations should be monitored when feasible, and p*olonged 
concentrations above 12 mcg/ml should be avoided. Urine should be 
examined for increased excretion of protein, cells, and casts. 

Concurrent and sequential use of other neurotoxic and/or nephrotoxic 
antibiotics, particularly streptomycin, neomycin, kanamycin, gentamicin, 
cephaloridine, paromomycin, viomycin, polymyxin B, colistin, and'vanco- 
mycin, should be avoided. 

Nebcin should not be given concurrently with potent diuretics. Some 
diuretics themselves cause ototoxicity, and intravenously administered 
diuretics enhance aminoglycoside toxicity by altering antibiotic concentra- 
tions in serum and tissue. 

Usage in Pregnancy — Safety of this product for use during pregrancy has 
not been established. 


Description: Tobramycin sulfate, a water-soluble antibiotic of the aminoglycoside 
group, is derived from the actinomycete Streptomyces tenebrarius. Nedcin Injection is 
a clear and colorless sterile aqueous solution for parenteral administration. It is stable 
and requires no refrigeration. 

Indications and Usage: Nebcin is indicated for the treatment of serious infections 
caused by susceptible strains of the following microorganisms: Pseudomonas 
aeruginosa, Escherichia coli, Proteus sp. (indole-positive and indole-nezative), 
Providencia, Klebsiella-Enterobacter-Serratia group, Citrobacter sp., ard staphylococci, 
including Staphylococcus aureus (coagulase-positive and coagulase-negative). 

Nebcin is indicated in the treatment of septicemia; central-nervous-system 
infections, including meningitis; neonatal sepsis; serious lower respiratory infections; 
gastrointestinal infections, including peritonitis; and serious skin, bone, and soft-tissue 
infections, including burns, caused by the susceptible organisms listee above. Clinical 
studies have shown Nebcin also to be effective in serious complicated:aad recurrent 
urinary tract infections due to these organisms. Aminoglycosides, including Nebcin, 
are not indicated in uncomplicated initial episodes of urinary tract infections unless 
the causative organisms are not susceptible to antibiotics having less potential toxicity. 
Nebcin may be considered in serious staphylococcal infections when penicillin or 
other potentially less toxic drugs are contraindicated and when bacteria! susceptibility 
testing and clinical judgment indicate its use. 

Bacterial cultures should be obtained prior to and during treatmentto isolate and 
identify etiologic organisms and to test their susceptibility to tobramycin. If suscepti- 
bility tests show that the causative organisms are resistant to tobramycin, other 
appropriate therapy should be instituted. In patients in whom gram-negative 
septicemia, neonatal sepsis, or meningitis is suspected, including those in whom 
concurrent therapy with a penicillin or cephalosporin and an aminoglycoside may be 
indicated, treatment with Nebcin may be initiated before the results c: susceptibility 
studies are obtained. The decision to continue therapy with Nebcin should be based on 
the results of susceptibility studies, the severity of the infection, and the important 
additional concepts discussed in the WARNINGS box above. 

Contraindication: A history of hypersensitivity to tobramycin is a contraindication 
to its use. 

Warnings: See WARNINGS box above. 

Precautions: Specimens should be collected during therapy for examination, as 
recommended in the WARNINGS box. 

Neuromuscular blockade and respiratory paralysis have been repcrted in cats 
receiving very high doses of tobramycin (40 mg/kg). The possibility that prolonged or 
secondary apnea may occur should be considered if tobramycin is acrninistered to 
anesthetized patients who are also receiving neuromuscular blocking agents, such as 
succinylcholine or tubocurarine. 

Cross-allergenicity among aminoglycosides has been demonstrated. 

If overgrowth of nonsusceptible organisms occurs, appropriate therapy should 
be initiated. 





Adverse Reactions: Nephrotoxicity — Renal function changes, as shown by rising 
BUN, NPN, and serum creatinine and by oliguria, cylindruria, and increased protein- 
uria, have been reported, especially in patients with a history of renal impairment who 
are treated for longer periods or with higher doses than those recommended. 

Neurotoxicity — Adverse effects on both the vestibular and auditory branches of the 
eighth nerve have been noted, especially in patients receiving high doses or prolonged 
therapy. Symptoms include dizziness, vertigo, tinnitus, roaring in the ears, and 
hearing loss. 

NOTE: The risk of toxic reactions is low in patients with normal renal function 
who do not receive Nebcin in higher doses or for longer periods of time than those 
recommended. 

Other reported adverse reactions possibly related to Nebcin include increased serum 
transaminase (SGOT, SGPT) and increased serum bilirubin; anemia, granulocytopenia, 
and thrombocytopenia; and fever, rash, itching, urticaria, nausea, vomiting, headache, 
and lethargy. 

Suggested Dosage Guides — I.M./1.V.: 

The usual duration of treatment is seven to ten days. 

Usual dosage for adults, children, and older infants (normal renal function) — 

3 mg/kg/day administered in three equal doses every eight hours. In life-threatening 

situations, the dosage may be increased up to 5 mg/kg/day administered in three or 

four equal doses. This dosage should be reduced to 3 mg/kg/day as soon as clinically 
indicated. (Refer to Table 1 for dosage schedule.) 

Dosage for neonates up to one week of age (normal renal function) — 
Up to 4 mg/kg/day may be given in two equal doses every 12 hours. 

Dosage guidelines for adult or pediatric patients with reduced renal function — 

After a loading dose of 1 mg/kg, subsequent dosage must be adjusted either with 

reduced doses at eight-nour intervals or with normal doses at prolonged intervals. 

To determine the reduced dose at eight-hour intervals, see the convenient nomogram 

in the package literature * To calculate normal dosage at prolonged intervals (if the 

creatinine clearance rate is not available and the patient's condition is stable), the 
following formula may be used: 
1 mg/kg q(6 x serum creatinine) h 

Neither regimen should be used when dialysis is being performed. 

I. V. Administration — The usual volume of diluent for adults is 50 to 100 ml. For 
children, the volume of diluent should be proportionately less than for adults. The 
diluted solution usually should be infused over a period of 20 to 60 minutes. 


*An alternate rough guide for determining reduced dosage at eight-hour intervals (for patients 
whose steady-state serum creatinine values are known) is to divide the normally recommended dose by 
the patient's serum creatinine. 


Table 1. Dosage Schedule Guide for Adults with Normal Renal Function 
(Dosage at Eight-Hour Intervals) 


Usual Dose for 
Serious Infections 


Maximum Dose for Life- 
Threatening Infections 
(Reduce as soon as possible) 
1.66 mg/kgq8h 
(Total, 5 mg/kg/day) 


For Patient 
Weighing 
kg Ib 


1 mg/kg q 8h 
(Total, 3 mg/kg/day) 
ml/dose* 


3 ml 
2.9 ml 
2.75 ml 
2.6 ml 
2.5 ml 
2.4 ml 
2.25 ml 
2.1 mi 
2 ml 
1.9 ml 
1.75 ml 
1.6 ml 
1.5 ml 
1.4 ml 
1.25 ml 
1.1 ml 
l ml 





*Applicable to al! product forms except Nebcin, Pediatric, Injection (see How Supplied) 


How Supplied: Ampoules (Vials) Nebcin® (tobramycin sulfate, Lilly), Injection, 80 mg 
(equivalent to tobramycin) per 2 ml, 2 ml, rubber-stoppered, in packages of 1 and 
Traypaks™(multivial cartons, Lilly) of 25. 

Ampoules (Vials) Nebcin, Pediatric, Injection, 20 mg (equivalent to tobramycin) per 
2 ml, 2 ml, rubber-stoppered, in packages of 1. 

Hyporets* (disposable syringes, Lilly) Nebcin, Injection, 60 mg (equivalent to 
tobramycin) per 1.5 ml, 1.5 ml, and 80 mg (equivalent to tobramycin) per 2 ml, 2 ml, 
in packages of 24. 

Each ml also contains 5 mg phenol as a preservative, 3.2 mg sodium bisulfite, O.1 mg 
edetate disodium, and water for injection, q.s. Sulfuric acid and/or sodium hydroxide 
may have been added to adjust the pH. [030476c] 


Additional information available to the profession 
on request from Eli Lilly and Company, 
Indianapolis, Indiana 46206. 


L / 7 Eli Lilly Industries, Inc. 


Carolina, Puerto Rico 00630 


800646 
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Through the lenses of a Nikon F2 and a sigmoidoscope: 


the decisive difference 


between PROCTOFOAM 
and the suppository. 


PROCTOFOAM* The suppository 


The study: 


a 36-year-old volunteer, 
free of rectal pathology, 
was administered a 
traditional hemorrhoidal 
suppository and 
PROCTOFOAM * on 
successive days to 
determine differences 
between the two agents 
in speed and extent of 
coverage. Both sets of 
photographs were taken 
by a Nikon F2 through 
a sigmoidoscope. 


at 5 minutes 
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at 30 minutes 


at 60 minutes. at 60 minutes 





Unique photosigmoidoscopic evidence 
: demonstrates the superiority of 
PROCTOFOAM over the hemorrhoidal suppository 
in both speed and extent of coverage. 


Within 5 minutes, PROCTOFOAMS? has coated the 
mucosa of the rectal ampulla while the suppository 
remains virtually intact. 


At 10, 15, and 30 minutes, while the suppository is 
still in the slow process of melting and giving limited 
coverage, PROCTOFOAM continues to provide a 


thick coating on the mucosal surface. 


At the end of a full hour, the suppository has finally 
melted; coverage is extremely uneven, while 


PROCTOFOAM continues to provide even coverage. 
Upon application, PROCTOFOAM fills the anal 


cavity, spreading evenly into rectal crypts, folds, 
papillae and hemorrhoidal sites. And because 
PROCTOFOAM is mucoadhesive, medication is kept 
in prolonged contact with tender irritated membranes 
to bring prompt, sustained and effective relief from 
itching and pain without leaking or staining. 


PROCTOFOAM is available in two formulations: 
PROCTOFOAM *-HC for temporary relief of acute, 
inflammatory anorectal disorders and for postopera- 
tive pain. PROCTOFOAM-HC provides faster wound 
aS Te A (242 to 3 weeks instead of 32 to MTS) 
less scar formation;'~* less edema, inflammation, 
itching, pain and tenesmus. ' 375 Non-steroid 
PROCTOFOAM® for maintenance therapy when the 


inflammatory phase has been brought under control. 


Both PROCTOFOAM and PROCTOFOAM-HC 
come with an easy-to-use, measured-dose applicator 
that assures proper placement of the medication. 


PROCTOFOAM. For faster and more complete 


coverage than the hemorrhoidal suppository. 


PROCTOFOAM '-HC 
(hydrocortisone acetate 1° 


Before prescribing, see complete product information of which 
the following is a brief summary. 


Contraindications: Topical steroids are contraindicated in those 
patients with a history of hypersensitivity to any of the components 
of the preparation. 


Precautions: If irritation develops. the product should be discontin- 
ued and appropriate therapy instituted. 

In the presence of an infection. the use of appropriate antifungal or 
antibacterial agents should be instituted. If a favorable response 
does not occur promptly. the corticosteroid should be discontinued 
until the infection has been adequately controlled. 

If extensive areas are treated or if the occlusive technique is used, 
the possibility exists of increased systemic absorption of the cor- 
ticosteroid and suitable precautions should be taken particularly in 
children and infants. 

Although topical steroids have not been reported to have an ad- 
verse effect on human pregnancy. the safety of their use in pregnant 
women has not absolutely been established. In laboratory animals, 
increases in incidence of fetal abnormalities have been associated 
with exposure of gestating females to topical corticosteroids. in 
some cases at rather low dosage levels. Therefore. drugs of this 
class should not be used extensively on pregnant patients. in large 
amounts, or for prolonged periods of time. 

This product is not for ophthalmic use. 


Adverse Reactions: The following local adverse reactions have 
been reported with topical corticosteroids, especially under occlu- 
sive dressings: burning. itching. irritation, dryness, folliculitis, hyper- 
trichosis. acreiform eruptions, hypopigmentation, allergic contact 
dermatitis; maceration of the skin, secondary infection, skin atrophy, 
striae, and miliaria. 


Dosage and Administration: Apply to affected areas 3 or 4 times 
daily. Use the applicator supplied for rectal application. For perianal 
use, transfer a small quantity to a tissue and rub in gently. 


How Supplied: In aerosol container of 10 gm., with special rectal 
applicator. The aerosol delivers approximately 24 applications. 


References: 1. Bernstein. |.: Surg. Dig. 4:23. Jan. 1969. 2. Sladek. 
W.R.: Scientific Exhibit, 69th Annual Meeting of American Proc- 
tologic Society, April 1970. 3. Sladek, W.R.: Am. J. Clin. Res. 1:33. 
Jan.-Feb. 1970. 4. Miller. H.: Am. J. Proctol. 18:59. Feb. 1967. 

5. Lieberman. W.: Am. J. Proctol. 20:134. April 1969. 


Ic Reed & Carnrick/Kenilworth, New Jersey 07033 


PROCTOFOAM-HC 


EACH MEASURED DOSE (APPROX. 6.5 ML.) DELIVERS HYDRO- 
CORTISONE ACETATE 1% "IN A WATER-SOLUBLE, 
MUCOADHESIV E FOAM BASE. 


OR TEMPORARY RELIEF OF ACUTE 
NFLAMMATORY ANORECTAL DISORDERS AND 
FOR POSTOPERATIVE PAIN. 


ann non-steroid 


ROCTOFOAM: 


R MAINTEN yA NCE THERAPY WHEN THE INFLAMMATORY 
ise HAS BEEN BROUGHT UNDER CONTROL. 
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nydromorphone HCI @ 


The first step after injectables in post-op analgesia. 


Description: Dilaudid is hydromorphone, a hydro- 
genated ketoné of morphine, 

Indications: For relief of moderate to severe pain 
Contraindications: Suspected increased intracra- 
nial pressure, status asthmaticus 

Warnings: May be habit forming with a potential for 
addiction equivalent to morphine in equi-analgesic 
doses. Tolerance may also occur. As with all narcot- 
ICS; use in early pregnancy only when expected bene- 
fits outweigh risks 

Adverse Éffects: Nausea, vomiting, diarrhea, con- 
stipation, anorexia and somnolence may occur al- 
though unlikely with appropriate dose selection 
Dosage and Administration: Dosage must be indi- 


vidualized. The usual adult dose is 2 mg every 4-6 


c 


hours, as necessary, for moderate to moderately se- 
vere pain. For more severe pain, 3-4 mg ormore every 
4-6 hours, as necessary. may be required 

Treatment of Overdosage: |! overdosage is treated 
within an he 


ir. emesis and gastnc lavage should be 
attempted. Special attention should be given to resp 


ration. and Gepression occurs, it may be ar- 
tagonized Dy the use of naloxone hydrochlorida 
(Narcan*) —Endo, "nalorphine. hydrochtoride 
(Nalline*) — Merck Sharp. & Dohme or levatiorphan 
tartrate (Lortan*) —Roche, as recommended by the 
manufacturer. Other supportive measures should be 
applied when indicated 

How Supplied: Dilaudid HC! color coded tablets 
(NOT FOR INJECTION) imprinted with K logo on one 


side and potency on other side as follows: green — 1 
mg; orange—2 mg; pink —-3 mg and yellow —4 mg 

Available in: 1 mg — bottles of 100 (NDC #0044-1021- 
02)..2 mg — bottles of 100 (NDC #0044-1022-02) and 
500 (NDC #0044-1022-03), 3 mg — bottles of 100’ 
(NDC #0044-1023-02), 4 mg — bottles of 100 (NDC 
#0044-1024-02) and 500 (NDC #0044-1024-03) 


Knoll Pharmaceutical Company 
Whippany, New Jersey 07981 


Member Company, Certified Medical 
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FTHICON 


Innovators in wound closure 


DISPOSABLE Wb SKIN STAPLER 
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E Proven 99% reliable in actual use.** 
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Faster approximation 
superior cosmetic results 


Excellent control, improved accuracy __ - f D 

The PROXIMATE disposable skin stapler is a fast. Shaped stainless-steel staples. Wound edges are held 
closing device that can reduce operating time and provide together by the staple's legs. Tissue reaction and trauma 
excellent cosmetic results. This instrument is designed to are minimal. Wider crowns keep the staples upright, 

fit your hand for comfortable, easy use. Smooth trigger minimizing rotation, easing removal. 

action with less firing force and flexible work angle Staple counts and sizes for all closing needs 


OUS Seen COOL ana TUAM PROXIMATE products are available with regular and wide 
Minimal trauma, staples removed easily  . Staples in counts of 15, 35, and 55 to meet closing needs 
The PROXIMATE stapler forms virtually inert rectangular- for short, medium, and long incisions. 


Faster, easier approximation. Staples placed accurately. Staples removed quickly. Superior cosmetic results. 
Consistent, reliable skin coaptation. | Designed for precise placement. Extraction easy for surgeon and 
patient. 
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Touch skin lightly using Ample space between staple Extractor designed for easy 
centerline indicator and guide crown and skin surface minimizes removal of staples. Simply 
notch to ensure equidistant staple crosshatching and eases staple position jaws beneath staple a 4 
placement across the incision. extraction. Properly placed staples span, squeeze handles until reese i duri vu sg ETHICON, IN 
Fire, release completely, and provide accurate apposition with fully closed, and lift staple. a an : 

withdraw instrument with minimal tension. “Trademark © ETHICON, INC., 1980. 
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Torecan can help control nausea 
and vomiting with dual action:* 
1) against circulating emetics 


(atthe CTZ) 


2) against emetic sights, emotions, 
and organ insults (at the TVC) 


In using Torecan, the physician 


should consider the adverse 


reactions which are associated 
with the drug specifically and 


phenothiazines generally.** 


Torecan 


(thiethylperazine) e 


tranquilizer. 


a It's not for sedative use. 
a It's not intended as a 


a It's not an antihistamine. 


symptoms. 


Trigger Zone. 


s It's not intended for psychotic 


*As shown in animal studies; TVC —True 
Vomiting Center, CTZ — Chemoreceptor 


**Please see brief summary for detailed 


information concerning potential 


adverse reactions. 





Injectable—10 mg/2ml (thiethylperazine malate, NF) 


for IM injection only 


Suppositories—10 mg (thiethylperazine maleate, NF) 


Tablets—10 mg (thiethylperazine maleate, NF) 


Torecan® (thiethylperazine) 

Tablets, Suppositories and Injection 
Contraindications: Severe CNS depression, 
comatose states, and in patients who have 
demonstrated a hypersensitivity to phenothiazines 
(e.g., blood dyscrasias, jaundice). Because 
severe hypotension has been reported after the 
intravenous administration of phenothiazines, this 
route of administration is contraindicated. The 
drug is contraindicated in pregnancy. 

Warnings: Phenothiazines are capable of 
potentiating CNS depressants as well as atropine 
and phosphorous insecticides. The drug may 
impair mental and/or physical ability required in 
the performance of potentially hazardous tasks 
such as driving a car or operating machinery. 
Postoperative Nausea and Vomiting: When used 
to control postoperative nausea and vomiting in 
patients undergoing elective ae procedures, 
restlessness and postoperative CNS depression 
during anesthesia recovery may occur. Possible 
postoperative complications of a severe degree of 
any of the known reactions of this class of drug 
must be considered. Postural hypotension may 
occur after an initial injection, rarely with the 
tablet or suppository. Do not use with epinephrine 
in the treatment of drug-induced hypotension as 
phenothiazines may induce a reversed epinephrine 
effect. The most suitable vasoconstrictor agents 
are levarterenol and phenylephrine. The use of 
Torecan has not been studied following intra- 
Cardiac and intracranial surgery. Not recom- 
mended for use in children under 12 years of age, 
or in nursing mothers since safety and efficacy 
have not been established. 


Precautions: Convulsions ard abnormal move- 
ments such as extrapyramidal symptoms have 
occurred. The varied extrapyramidal symptom 
complex is more likely to occur in young adults 
and children. Extrapyramidal effects must be 
treated by reduction of dosage or cessation of 
medication. For treatment of nausea and/or 
vomiting associated with anesthesia and surgery, 
the drug should be administered by deep intra- 
muscular injection at or shortly before the 
termination of anesthesia. 


Adverse Reactions: CNS: convulsions, extra- 
pyramidal symptoms such as dystonia, torticollis, 
oculogyric crisis, akathisia and gait disturbances, 
occasional cases of dizziness, headache, fever 
and restlessness have been reported 

Drowsiness may occur initially on injection but is 
usually alleviated by a reduction in dosage. 
Dryness of the mouth and nose, blurred vision, 
tinnitus; sialorrhea and altered gustatory sensa- 
tion. Peripheral edema of the arms, hands and 
face. Cholestatic jaundice; cerebral vascular 
spasm and trigeminal neuralgia have been 
reported occasionally. The following have occurred 
with phenothiazine derivatives and should be 
considered: agranulocytosis, leukopenia, 
thrombocytopenia, aplastic anemia, pancytopenia, 
eosinophilia, leukocytosis; miosis, obstipation, 
anorexia, paralytic ileus; erythema, exfoliative 
dermatitis and contact dermatitis; jaundice, biliary 
Stasis. Hypotension, rarely leading to cardiac 
arrest; ECG changes. Akathisia, agitation, motor 
restlessness, dystonic reactions, trismus, torti- 
collis, opisthotonos, oculogyric crises, tremor, 
muscular rigidity, akinesia, some of which have 





persisted for several months or years especially 
in patients of advanced age with brain damage. 
Menstrual irregularities, altered libido, gyneco- 
mastia, weight gain; false positive pregnancy 
tests. Urinary retention, incontinence; fever, 
laryngeal edema and angioneurotic edema, asthma. 
Hyperpyrexia, behavioral effects suggestive of a 
paradoxical reaction, including excitement, bizarre 
dreams, aggravation of psychoses and toxic 
confusional states. ECG changes. While there is 
no evidence that ECG changes are in any way 
precursors of any significant disturbance of 
cardiac rhythm, sudden and unexpected deaths 
apparently due to cardiac arrest have been 
reported in a few instances in hospitalized 
psychotic patients previously showing character- 
istic ECG changes. A peculiar skin-eye syndrome, 
which is marked by progressive pigmentation of 
areas of the skin or conjunctiva and/or accom- 
panied by discoloration of the exposed sclera and 
cornea, has also been recognized as a side effect 
following long-term treatment. Opacities of the 
anterior lens and cornea described as irregular or 
stellate in shape have also been reported. 

Drug Interactions: Phenothiazines are capable of 
potentiating CNS depressants (e.g., anesthetics, 
opiates, alcohol, etc.) as well as atropine and 
phosphorous insecticides. The drug may induce a 
reversed epinephrine effect on occasion. 

For complete details, please see full prescribing 
information. 


Boehringer Ingelheim 
Boehringer Ingelheim Ltd. 
Ridgefield, CT 06877 





To help prevent nosocomial infections... 


Even helpful hands can carry environmental 
pathogens to susceptible patients. Hands are 
known to be a major source of nosocomial 
infections. A convenient, effective way to elimin- 
ate pathogens from hands that touch patients 
is routine handwashing with BETADINE Skin 
Cleanser before patient contacts. 


Broad-spectrum degerming 
BETADINE Skin Cleanser promptly kills gram- 
positive and gram-negative bacteria (including 
antibiotic-resistant strains), fungi, viruses, 
protozoa and yeasts. BETADINE Skin Cleanser 
may be used to degerm hands, face and body. 


Thorough, gentle cleansing 
BETADINE Skin Cleanser cleanses 
thoroughly and gently with a rich golden lather. 
It is virtually nonirritating* to skin and mucosa 
and is nonstaining to skin and natural fabrics. 





Wide application in the hospital 


BETADINE Skin Cleanser is ideal for routine 
handwashing by physicians, nurses, hospital 
personnel and patients. It is also indicated for skin 
degerming in patients with common pathogens, 
including Staph. aureus; for post-operative skin 
care; in skin infections; and for general hygiene, 
when skin degerming is desirable. 

Supplied in 4 fl. oz. and 1 gal. plastic bottles. 


*In the rare instance of local irritation or sensitivity, discontinue 


use by the individual. 


Purdue Frederick 
© Copyright 1980, The Purdue Frederick Company/Norwalk, CT 06856 
219480 A9577 
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. Valuable in serious gram-negative infections’ 
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— (including anaerobic infections) 
vts Blungabscess/empyema X Chloromycetin (chloramphenicol sodium succinate » 
|... mendocarditis for injection, USP) is one antibiotic that consistently 
| . mSepticemia/bacteremia crosses the blood-brain barrier in effective concentra- 
-m deep-seated abscess tions. It has a remarkably broad spectrum that includes 
-m brain abscess organisms within the designation of gram-negative 
-m epiglottitis and gram-positive, aerobic and anaerobic and, 
|. mameningitis — especially, many species of the anaerobes, such as 
|... m wound infections Bacteroides, Clostridium, and Peptostreptococcus, 
|... mabdominal sepsis responsible for serious infections. Used judiciously, 
. . "pelvic abscesses . . Chloromycetin can save lives. 


Mm 3 "Due to susceptible organisms, when less potentially hazardous therapeutic agents are ineffective or contraindicated. 
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Prescribing Information 
Chloromycetin? Sodium Succinate 
Doreen sodium succinate for injection, 


For intravenous administration 


WARNING 
Serious and fatal blood dyscrasias pianie anemia, 
hypoplastic anemia, thrombocytopenia, and granulo- 
cytopenia) are known to occur r the administra- 
tion of chloramphenicol. In addition, there have been 
reports of aplastic anemia attributed to chloram- 
phenicol which later terminated in leukemia. Blood 
dyscrasias have occurred after both short-term and 
prolonged therapy with this drug. Chloramphenicol 
must not be used when less potentially dangerous 


me will be effective, as described in the INDICA- 


ONS section. It must not be used in the treatment of 
trivial infections or where it is not indicated, as in 
colds, influenza, infections of the throat; or as a 
prophylactic agent to prevent bacterial infections. 

Precautions: It is essential that adequate blood 
studies be made cle tober goes with the drug. While 
blood studies ma ect early peripheral blood 
changes, such as leukopenia, reticulocytopenia, or 
granulocytopenia, before they become irreversible, 
such studies cannot be relied on to detect bone 
marrow depression prior to development of aplastic 
anemia. To facilitate appropriate studies and observa- 
tion during therapy, it is desirable that patients be 
hospitalized. 





IMPORTANT CONSIDERATIONS IN PRESCRIBING IN- 
JECTABLE CHLORAMPHENICOL SODIUM SUCCINATE 


CHLORAMPHENICOL SODIUM SUCCINATE IS INTENDED 
FOR INTRAVENOUS USE ONLY. IT HAS BEEN DEMON- 
peii TOBE INEFFECTIVE WHEN GIVEN INTRAMUS- 


1. Chloramphenicol sodium succinate must be hydrolyzed to 
its microbiologically active form and there is a lag in 
achieving adequate blood levels compared with the base 
given intravenously 

2. The oral form of chloramphenicol is readily absorbed and 
adequate blood levels are achieved and maintained on the 
recommended dosage 

3. Patients started on intravenous chloramphenicol sodium 
succinate should be changed to the oral form as soon as 
practicable 


DESCRIPTION 

Chloramphenicol is an antibiotic that is clinically useful for, and 
should be reserved for, serious infections caused by organ- 
isms susceptible to its antimicrobial effects when less 
potentially hazardous therapeutic agents are ineffective or 
contraindicated. Sensitivity testing is essential to determine its 
indicated use, but may be performed concurrently with 
therapy initiated on clinical impression that one of the 
indicated conditions exists (see INDICATIONS section) 

Each gram (10 ml of a 10% solution) of chloramphenicol 
sodium succinate contains approximately 52 mg (2 25 mEq) 
of sodium 

ACTIONS AND PHARMACOLOGY 

In vitro chloramphenicol exerts mainly a bacteriostatic effect 
on a wide range of gram-negative and gram-positive bacteria 
and is activein vitro against rickettsias, the lymphogranuloma- 
psittacosis group. and Vibrio cholerae. Chloramphenicol is 
particularly active against Salmonella typhi and Hemophilus 
influenzae. The mode of action is through interference or 
inhibition of protein synthesis in intact cells and in cell-free 
systems 

Chloramphenicol administered orally is absorbed-rapidly 
from the intestinal tract. In controlled studies in adult volun- 
teers using the recommended dosage of 50 mg/kg/day, a 
dosageof 1 g every six hours for eight doses was given. Using 
the microbiological assay method, the average peak serum 
level was 11.2 mcg/ml one hour after the first dose. A 
cumulative effect gave a peak riseto 18.4 mcg/ml after the fifth 
dose of 1 g.-Mean serum levels ranged from 8 to 14 mcg/ml 
over the 48-hour period. Total urinary excretion of chloram- 
phenicol in these studies ranged from a low of 68?6 to a high of 
99% over a three-day period. From 8 to 12% of the antibiotic 
excreted is in the form of free chloramphenicol, the remainder 
consists of microbiologically inactive metabolites, principally 
the conjugate with glucuronic acid. Because the glucuronide 
is excreted rapidly, most chloramphenicol detected in the 
blood is in the microbiologically active free form. Despite the 
small proportion of unchanged drug excreted in the urine, the 
concentration of free chloramphenicol is relatively high, 
amounting to several hundred mcg/ml in patients receiving 
divided doses of 50 mg/kg/day. Small amounts of active drug 
are found in bile and feces. Chloramphenicol diffuses rapidly, 
but its distribution is not uniform. Highest concentrations are 
found in liver and kidney, and lowest concentrations are found 
in brain and cerebrospinal fluid. Chloramphenicol enters 
cerebrospinal fluid even in the absence of meningeal inflam- 
mation. appearing in concentrations about half of those found 
in the blood. Measurable levels are also detected in pleural 
and in ascitic fluids, saliva, milk, and in the aqueous and 
vitreous humers. Transport across the placental barrier occurs 
with somewhat lower concentration in cord blood of newborn 
infants than in maternal blood. 


INDICATIONS 
In accordance with the concepts in the WARNING box and 
this INDICATIONS section, chloramphenicol must be used 
only in those serious infections for which less potentially 
dangerous drugs are ineffective or contraindicated. How- 
ever, chloramphenicol may be chosen toinitiate antibiotic 
therapy on the clinical impression that one of the condi- 
tions below is believed to be present: in vitro sensitivity 
tests should be performed ee so that the drug 
may be discontinued as soon as possible if less poten- 
tially dangerous agents are indicated by such tests. The 
decision to continue use of chloramphenicol rather than 


another antibiotic when both are suggested by in vitro 
studies to be effective against a specific pathogen should 
be based upon severity of the infection, susceptibility of 
the pat n to the various antimicrobial drugs, efficacy 
of the various drugs in the infection, and the important 
ori aaan concepts contained in the WARNING box 
above- 


1. Acute infections caused by S typhi* 
It is not recommended for the routine treatment of the 
typhoid carrier state. 
2. Serieus infections caused by susceptible strains in accor- 
dance with the concepts expressed above: 
a) Setmonella species 
b) H miluenzae, specifically meningeal infections 
C) Rickettsia 
d) Lymphogranuloma-psittacosis group 
e) Vanous gram-negative bacteria causing bacteremia, 
meningitis, or other serious gram-negative infections 
f) Othar susceptible organisms which have been demon- 
strated to be resistant to all other appropriate antimicro- 
bial agents 
3. Cystic ‘ibrosis regimens 


"In the treatment of typhoid fever. some authorities recommend that 
chloramphenicol be administered at therapeutic levels for B to 10 days 
after the parent has become afebrile to lessen the possibility of relapse 


CONTRAINDICATIONS 
Chloramphenico! is contraindicated in individuals with a 
history of previous hypersensitivity and/or toxic reaction tot. /t 
must not be used inthe treatment of trivial infections or where it 
is not indicated, as in colds, influenza, infections of the throat. 
or as a propnylactic agent to prevent bacterial infection 


PRECAUTIONS 

1. Baseline blood studies should be followed by periodic 
blood studies approximately every two days during therapy. 
The drug should be discontinued upon appearance of 
reticulocytopenia, leukopenia, thrombocytopenia, anemia, 
or any other blood study findings attributable to chloram- 
phenicol. However, it should be noted that such studies donot 
exclude the possible later appearance of the irreversible type 
of bone marrow depression. 

2. Repeated courses of the drug should be avoided if at all 
possible. Treatment should not be continued longer than 
required to produce a cure with little or no risk of relapse of the 
disease 

3. Concurremt therapy with other drugs that may cause 
bone marrow cepression should be avoided 

4. Excessivesblood levels may result from administration of 
the recommended dosage to patients with impaired liver or 
kidney functions, including that due to immature metabolic 
processes in t^e infant. The dosage should be adjusted 
accordingly or, preferably. the blood concentration should be 
determined at appropriate intervals 

5. There are no studies to establish the safety of this drug in 
pregnancy. 

6. Because chloramphenicol readily crosses the placental 
barrier, caution ™ use of the drug is particularly important 
during pregnancy at term or during labor because of potential 
toxic effects on the fetus (gray syndrome) 

7. Precaution should be used in therapy of premature and 
full-term infants to avoid gray syndrome toxicity (see AD- 
VERSE REACTIONS). Serum drug levels should be carefully 
followed during therapy of the newborn infant 

8. Precaution should be used in therapy during lactation 
because of the possibility of toxic effects on the nursing infant 

9. The use of ths antibiotic, as with other antibiotics, may 
result in an overgrewth of nonsusceptible organisms, includ- 
ing fungi. If infectiens caused by nonsusceptible organisms 
appear during therapy, appropriate measures should be 
taken 

ADVERSE REACTIONS 
1. Blood Dyscrasias 

The most serious ac verse effect of chloramphenicol is bone 
marrow depression. Serious and fatal blood dyscrasias 
(aplastic anemia, hypoplastic anemia, thrombocytopenia, 
and granulocytoper.a) are known to occur after the adminis- 
tration of chloramphenicol. An irreversible type of marrow 
depression leading to aplastic anemia with a high rate of 
mortality is characterzed by the appearance weeks or months 
after therapy of bone marrow aplasia or hypoplasia. Peripher- 
ally. pancytopenia is most often observed, but in a small 
number of cases only one or two of the three major cell types 
(erythrocytes, leukocytes, platelets) may be depressed. A 
reversible type of bone marrow depression. which is dose- 
related. may occur. This type of marrow depression is 
characterized by vacwolization of the erythroid cells, reduc- 
t'onof reticulocytes, and leukopenia, and responds promptly 
to the withdrawal of chioramphenicol 

An exact determination of the risk of serious and fatal blood 
dyscrasias is not possible because of lack of accurate 
information regarding (1) the size of the population at risk, (2) 
the total number of drug-associated dyscrasias. and (3) the 
total number of non-drug-associated dyscrasias 

In a report to the California State Assembly by the California 
Medical Association and the State Department of Public 
Health in January 1967, the risk of fatal aplastic anemia was 
estimated at 1:24.200 ‘o 1:40,500 based on two dosage 
levels 

There have been repertis of aplastic anemia attributed to 
chloramphenicol which later terminated in leukemia 

Paroxysmal nocturnal hemoglobinuria has also been re- 
ported 
2. Gastrointestinal Reactions 

Nausea, vomiting, glossitis and stomatitis. diarrhea and 
enterocolitis may occur in low incidence 
3. Neurotoxic Reactions 

Headache, mild depression, mental confusion, and delir- 
ium have been described n patients receiving chlorampheni- 
col. Optic and peripheral meuritis has been reported, usually 
following long-term therapy If this occurs, the drug should be 
promptly withdrawn 
4. Hypersensitivity Reactions 

Fever, macular and vesicular rashes, angioedema, urticar- 
ia, and anaphylaxis may occur. Herxheimer reactions have 


occurred during therapy for typhoid fever. 
5. Gray Syndrome” 

Toxic reactions including fatalities have occurred in the 
premature and newborn; the signs and symptoms associated 
with these reactions have been referred to as the gray 
syndrome. One case of gray syndrome has been reported in 
an infant born to a mother having received chloramphenicol 
during labor. One case has been reported in a 3-month-old 
infant. The following summarizes the clinical and laboratory 
studies that have been made on these patients 

a) In most cases, therapy with chloramphenicol had been 
instituted within the first 48 hours of life. 

b) Symptoms first appeared after three to four days of 
continued treatment with high doses of chlorampheni- 
col 

c) The symptoms appeared in the following order 
(1) abdominal distention with or without emesis: 

(2) progressive pallid cyanosis. 

(3) vasomotor collapse. frequently accompanied by 
irregular respiration; 

(4) death within a few hours of onsetof these symptoms 

d) Tne progression of symptoms from onset to exitus was 
accelerated with higher-dosage schedules. 

e) Preliminary blood serum level studies revealed un- 
usually high concentrations of chloramphenicol (over 90 
mcg/ml after repeated doses). 

f) Termination of therapy upon early evidence of the 
associated symptomatology frequently reversed the 
precess with complete recovery. 


ADMINISTRATION 


Chloramphenicol, like other potent drugs, should be pre- 
scribed at recommended dosages known tohave therapeutic 
activity. Administration of 50 mg/kg/day in divided doses will 
produce blood levels of the magnitude to which the majority of 
susceptible microorganisms will respond. 

As soan as feasible, an oral dosage form of chloram- 
phenicol should be substituted for the intravenous form 
because adequate blood levels are achieved with 
chloramphenicol by mouth. 

The following method of administration is recommended: 

Intravenously as a 10% (100 mg/ml) solution to be injected 
over at least a one-minute interval. This is prepared by the 
addition of 10 m! of an aqueous diluent. such as water for 
injection or5% dextrose injection. 


DOSAGE 

Adults 

Adults should receive 50 mg/kg/day in divided doses at 
six-hour intervals. In exceptional cases, patients with infec- 
tions due to moderately resistant organisms may require 
increased dosage up to 100 mg/kg/day to achieve blood 
levels inhibiting the pathogen, but these high dosages should 
be decreased as soon as possible. Adults with impairment of 
hepatic or renal functions or both may have reduced ability to 
metabolize and excrete the drug. In instances of impaired 
metabolic processes, dosages should be adjusted accord- 
ingly. (See discussion under Newborn Infants.) Precise control 
of concentration of the drug in the blood should be carefully 
followed in patients with impaired metabolic processes by the 
available microtechniques (information available on request). 
Children 

Dosage of 50 mg/kg/day divided into four doses at six-hour 
intervals yields blood levels in the range effective against most 
susceptible organisms. Severe infections (eg.. bacteremia or 
meningitis), especially when adequate cerebrospinal fluid 
concentrations are desired, may require dosage up to 100 
mg/kg/day; however, it is recommended that dosage be 
reduced to 50 mg/kg/day as soon as possible. Children with 
impaired liver or kidney functions may retain excessive 
amounts of the drug. 


Newborn Infants 
(See section titled Gray Syndrome under ADVERSE REAC- 
TIONS.) 

A total of 25 mg/kg/day in four equal doses at six-hour 
intervals usually produces and maintains concentrations in 
blood and tissues adequate to control most infections for 
which the drug ıs indicated. Increased dosage in these 
individuals, demanded by severe infections, should be given 
only to maintain the blood concentration within a therapeuti- 
cally effective range. After the first two weeks of life, full-term 
infants ordinarily may receive up to a total of 50 mg/kg/day 
equally divided into four doses at six-hour intervals. These 
dosage recommendations are extremely important because 
blood concentratian in all premature infants and full-term 
infants under 2 weeks of age differs from that of other infants 
This difference is due to variations in the maturity of the 
metabolic functions of the liver and the kidneys 

When these functions are immature (or seriously impaired in 
adults). high concentrations of the drug are found which tend 
to increase with succeeding doses 
Infants and Children with Immature Metabolic Processes 

In young infants and other children in whom immature 
metabolic functions are suspected, a dosage of 25 mg/kg/ 
day will usually produce therapeutic concentrations of the 
drug in the biood. In this group particularly, the concentration 
of the drug in the tlood should be carefully followed by 
microtecnniques. (Intormation available on request.) 


HOW SUPPLIED 
N 0071-4057-03 (Steri-Vial* No. 57) 
Chloromycetin- (chioramphenicol) Sodium Succinate is 
supplied as a dred powder in Steri-Vials (rubber 
diaphragm-capped vials). When reconstituted as directed, 
each vial contains a sterile solution equivalent to 100 mg of 
chloramphenicol per milliliter (1 g/10 ml) Available in 
packages of 10 vials 
Chloromycetin, brand of chloramphenicol, Reg US Pat Oft 
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for publication original articles in the field of surgery. It is the 
oldest continuously published journal in the English language 
solely devoted to the surgical sciences. The Editorial Board 
considers only papers judged to offer significant contributions 
to the advancement of surgical knowledge. 
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ANNALS OF SURGERY (or their accompanying transmittal 
letters) should not contain the language quoted in the pre- 
ceding paragraph but must contain the following language 
instead, accompanied by the signature(s) of the author(s), 
before they can be considered for possible publication: '* The 
submitted manuscript is a work of authorship prepared as part 
of my (our) official duties as an officer or employee of the 
U.S. government and is therefore in the public domain." 
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Different clinically...different 
physically...different chemically 


The first time you try AVITENE® (microfibrillar 
collagen hemostat) you will notice the difference 
When you put it in contact with a bleeding surface, 
AVITENE adheres tenaciously. It attracts platelets, 
which adhere to its fibrils and undergo the release 
phenomenon which in turn triggers aggregation of 
platelets into thrombi in the interstices of the fibrous 
mass, initiating the formation of a physiologic clot 
AVITENE interacts directly with the normal hemo- 
static mechanism (even in heparinized patients). This 
physiologic action is unique to AVITENE among all 
topical hemostats. 


AVITENE looks different, too. Neither a gelatin ror 
a cellulose, AVITENE is a fluffy, fibrous, absorbabie 


"eso ddr idee g from ULLA hoine collagen 








For general and troublesome 
bleeding whenever a topical 
hemostat is needed 


The versatility of AVITENE makes it the topical 
hemostat of choice for practically any surgical proce- 
dure where there is general or troublesome bleeding. 


Apply AVITENE where there is diffuse or localized 
oozing, in areas inaccessible for suturing, and in pro- 
cedures (such as those involving friable organs or 
vessels) that could be compromised by cautery or the 
use of additional sutures. 

Properly handled, AVITENE is easily applied to the 
bleeding site by dry forceps, by specially prepared 
syringe, on a dry sponge, in a preformed wafer or as 
a ball. 
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Hemostatic effect of Avitene as seen with scanning electron microscope. Courtesy JH Kennedy, MD, Baylor College of Medicine, Houston. 


In cardiovascular surgery... 
dramatic results 


AVITENE established its reputation with spectacular 
hemostatic results: for example, high pressure 
bleeding (including aortic bleeding); where additional 
sutures may compromise vascular anastomosis or 
weakened vascular walls; bleeding sites inaccessible 
to suture ligation; generalized bleeding from vascular 
or friable tissue; or when prolonged bleeding 
obscures the visual field. AVITENE rapidly controls 
bleeding without producing vascular stenosis or 
damaging vital tissue. Minimizes foreign body reac- 
tion; effective even in heparinized patients. 


Works fast, saves time, saves blood, 
reduces costs, minimizes risks 


AVITENE usually stops bleeding within minutes... 
saves OR time...may reduce the need for added trans- 
fusions and the attendant risk of reactions and cross 
contamination...lessens the potential for complications 
of prolonged anesthesia...readily absorbed...does not 
interfere with the normal healing process. 


See following page for prescribing information. 
For further information, please contact Medical 
Services Department of American Critical Care, 
Division of American Hospital Supply Corporation, 
1600 Waukegan Road, McGaw Park, Illinois 60085, 
Phone 312-473-3000. 





AVITENE 


microtibrilar colagen hemostat 


Brief Summary of Prescribing Information 


Description: Avitene”™* (microfibrillar collagen hemostat) is an absorb- 
able topical hemostatic agent prepared as a dry, sterile, fibrous, water in- 
soluble partial hydrochloric acid salt of purified bovine corium collagen. 
In its manufacture, swelling of the native collagen fibrils is controlled 
by ethyl alcohol to permit noncovalent attachment of hydrochloric acid 
to amine groups on the collagen molecule and preservation of the es- 
sential morphology of native collagen molecules. Dry heat sterilization 
causes some cross-linking which is evidenced by reduction of hydrating 
properties, and a decrease of molecular weight which implies some 
degradation of collagen molecules. However, the characteristics of colla- 
gen which are essential to its effect on the blood coagulation mechanisms 
are preserved. 


Indications: Avitene is used in surgical procedures as an adjunct to 
hemostasis when control of bleeding by ligature or conventional pro- 
cedures is ineffective or impractical. 


Contraindications: Avitene should not be used in the closure of skin 
incisions as it may interfere with the healing of the skin edges. This is 
due to simple mechanical interposition of dry collagen and not to any 
intrinsic interference with wound healing. By filling porosities of can- 
cellous bone, Avitene may significantly reduce the bond strength of 
methylmethacrylate adhesives. Avitene should not, therefore, be em- 
ployed on bone surfaces to which prosthetic materials are to be attached 
with methylmethacrylate adhesives. 


Warnings: Avitene is inactivated by autoclaving. Ethylene oxide reacts 
with bound hydrochloric acid to form ethylene chlorohydrin. This product 
should not be resterilized. It is not for injection. Moistening Avitene 
or wetting with saline or thrombin impairs its hemostatic efficacy. It 
should be used dry. Discard any unused portion. As with any *oreign 
substance, use in contaminated wounds may enhance infection. 


Precautions: Only that amount of Avitene necessary to produce hemo- 
stasis should be used. After several minutes, excess material should 
be removed; this is usually possible without the reinitiation of active 
bleeding. Failure to remove excess Avitene may result in bowel ad- 
hesions or mechanical pressure sufficient to compromise the ureter. In 
otolaryngological surgery, precautions against aspiration should include 
removal of all excess dry material and thorough irrigation of the pharynx. 
Avitene contains a low, but detectable, level of intercalated bovine 
serum protein which reacts immunologically as does beef serum albumin. 
Increases in anti-BSA titer have been observed following treatment with 
Avitene. About two-thirds of individuals exhibit antibody titers because 
of ingestion of food products of bovine origin. intradermal skin tests 
have occasionally shown a weak positive reaction to BSA or Avitene 
but these have not been correlated with IgG titers to BSA. Tests have 
failed to demonstrate clinically significant elicitation of antibodies of 
the IgE class against BSA following Avitene therapy. Care should be 
exercised to avoid spillage on nonbleeding surfaces, particularly in 
abdominal or thoracic viscera. Teratology studies in rats and rabbits 
have revealed no harm to the animal fetus. There are no well-controlled 
studies in pregnant women; therefore, Avitene should be used in preg- 
nant women only when clearly needed. 


Adverse Reactions: The most serious adverse reactions reported which 
may be related to the use of Avitene are potentiation of infection in- 
cluding abscess formation, hematoma, wound dehiscence and media- 
stinitis. Other reported adverse reactions possibly related are adhesion 
formation, allergic reaction, foreign body reaction and subgaleal seroma 
(report of a single case). The use of Avitene in dental extraction sockets 
has been reported to increase the incidence of alveolalgia. Transient 
laryngospasm due to aspiration of dry material has been reported fol- 
lowing use of Avitene in tonsillectomy. 


How Supplied: In 1 gm and 5 gm sterile jars of sterile microfibrillar 
collagen hemostat, all contained in a sealed can. Sterility of the jar 
exterior cannot be guaranteed if can seal is broken. Content of jar is 
sterile until opened. 


*Avitene is a registered trademark of Avicon, Inc., distributed by American 
Critical Care, division of American Hospital Supply Corporation. 


:: (formerly Arnar-Stone Laboratories) 
Division of i 
American ix Supply Corporation 
McGaw Park IL 6008 


$ American Critical Care 


Quick Reference To 
Surgical Emergencies 


Edited by Gerald W. Shaftan, M.D. 
and Bernard Gardner, M.D. 





This handy manual, packed with clinical data 
in easy-to-use outline form, is designed for in- 
stant use in helping you evaluate the surgical 
emergency, make the diagnosis and carry out 
the indicated treatment. 

Divided into two broad categories of trau- 
matic and non-traumatic surgical emergencies 
the book systematically covers: Techniques of 
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Complications Accompanying Pathologic Lesions of the 


Brain Stem 
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Three life-threatening respiratory complications are regularly 
encountered in patients who survive the initial insult from a 
diffuse brain stem lesion — central alveolar hypoventilation, 
upper airway obstruction, and aspiration pneumonitis. From 
treating 13 patients who did survive, a surgical plan for man- 
aging the respiratory sequelae of such injuries has evolved and 
consists of: 1) Diaphragm pacing to correct hypoventilation; 2) 
tracheostomy for bypass of the upper airway obstruction; 3) 
gastrostomy for bypass of the impaired structures of swal- 
lowing; 4) surgical closure of the larynx to prevent aspiration. 
All 13 patients manifested central apnea, which was controlled 
in five by bilateral phrenic nerve stimulation and in eight by 
unilateral stimulation. All patients required tracheostomy to 
provide an airway for artificial ventilation and for secretion 
removal. In ten patients aspiration necessitated gastrostomy. 
The spontaneous recovery of the ability to swallow allowed clo- 
sure of the gastrostoma in three but in others aspiration re- 
mained a serious complication. One patient died of massive as- 
piration after discharge from the hospital. Three patients had 
surgical closure of the larynx to prevent aspiration. Seven pa- 
tients are alive; six of them are leading productive lives, 
though several have severe disability due to paresis or ataxia. 
Six died after discharge from the hospital. Three deaths were 
not related to the basic problem but the three others may have 
been. 
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IFFUSE LESIONS INVOLVING the pons and medulla 
D oblongata—the brain stem—are likely to affect 
multiple neural tracts and centers, among these one or 
more of the centers for respiratory control.' Also fre- 
quently involved are the nuclei of several cranial nerves 
and part or all of the corticospinal tracts. Bilateral injury 
of the brain stem is common. 

The clinical course following the onset of a diffuse 
brain stem lesion is sometimes catastrophic, with sud- 
den death from cardiorespiratory arrest. For those who 
survive, profound disability from muscular paralysis, 
dysphagia with aspiration, and loss of ventilatory con- 
trol are predictable residuals. As the sensorium is 
rarely affected, these patients are keenly aware of their 
disability. In time, some of the clinical symptoms may 
ameliorate spontaneously but patients who manifest the 
need for partial or complete mechanical ventilatory 
support and who have repeated bouts of aspiration 
pneumonitis secondary to dysphagia are doomed to be 
confined to an institution where they likely will die of res- 
piratory complications. The purpose of this communi- 
cation is to describe the clinical findings in a group of pa- 
tients with brain stem lesions who survived the initial 
neurologic injury and to discuss a method for success- 
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TABLE 1. Clinical Series 








Patient Age (On 
Number Admission) Sex Diagnosis Comment 

l 43 M Brain stem stroke Living and well and gainfully employed. Pacing at night over 10 years. 
Cricopharyngeal myotomy 20 years ago improved swallowing and less- 
ened aspiration. 

2 71 M Brain stem stroke Died following myocardial infarction 2 months after discharge. Cricopha- 
ryngeal myotomy, with no improvement of swallowing and worsening 
of aspiration. Pacing well at time of death. 

3 47 F Brain stem stroke Living though severely disabled by loss of neural coordination. Needs 
total ventilatory support; not possible by pacing alone. Larynx closed to 
prevent aspiration. 

4 63 M Brain stem stroke Died with bronchogenic carcinoma about | year after discharge. Severe 
loss of muscle coordination. Paced well at night for preceding 18 months. 

5 72 F Brain stem stroke Living and well one year postoperative. Nocturnal pacing. Inflation of 
tracheostomy cuff to minimize aspiration no longer required. Mild resid- 
ual tracheal stenosis. 

6 71 F Syringobulbia with prob- Died at home during sleep while being paced. Paced well for about 2 years. 

able hemorrhage 

7 17 M AV malformation with Living and well. Paced at night for 5 years. Has completed college and 

hemorrhage seeking employment. 

8 22 M Medullary tumor (? as- Living with residual tumor. Has paced at night for over 5 years. Attends 

trocytoma) college. 

9 46 F Cerebellar pontine angle Died with massive aspiration | month after discharge, despite tracheostomy 

meningioma and gastrostomy. 

10 71 F Cerebellar-pontine angle Living and reasonably active. Paced at night for over 1 year. Larynx closed 

hemangioblastoma to prevent aspiration. 

11 27 F Meningoencephalitis Quadriplegic. Died with gram negative sepsis, probably secondary to urin- 
ary tract infection. Larynx closed to prevent aspiration. Total ventilatory 
support by pacing for over 2 years. 

12 11 F Meningoencephalitis Quadriplegic. Living and well. Full time student. Pacing full time, alter- 
nate sides for 8 hours, for over 3 years. 

13 4 F Meningoencephalitis Quadriplegic. Died with extensive brain damage secondary to multiple 


episodes of cardiac arrest 6 months after discharge. Severe general- 
ized spasms treated by cerebellar stimulation. Total ventilatory support 
attempted, discontinued because of diaphragm fatigue. 





fully managing the potentially lethal respiratory com- 
plications. 

Over the past ten years 13 patients with brain stem 
lesions were referred to us for treatment of ventilatory 
insufficiency. Each presented with evidence of involve- 
ment of multiple neural structures, including loss of or 
impaired ventilatory control, dysphagia with aspira- 


TABLE 2. Neurologic Examination 


No of 

Patients 
Focal medullary signs 11 
Focal pontine signs 10 
Focal pontine and medullary signs 10 
Bilateral corticospinal tract signs 10 
Cerebellar signs 8 
Bilateral long tract signs 5 
Horner's syndrome 3 


tion, and muscular paralysis varying in severity from 
minor weakness to complete quadriplegia. 


Case Material and Treatment 


There were eight females and five males, ranging in 
age from four to 72 years (Table 1). Except for one pa- 
tient, who was admitted directly to Yale New Haven 
Hospital as an emergency, all patients were referred 
from other institutions where they had received their in- 
itial treatment. 


Neurologic Findings 


The diagnosis on admission to Yale New Haven Hos- 
pital was brain stem stroke in five patients, posterior 
fossa neoplasm in three patients, meningoencephalitis 
in three patients and arteriovenous malformation and 
syringobulbia in one patient each. 
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Periodic Apnea 


Fic. 1. Central alveolar hypoventilation in a 22-year-old man with a medullary tumor (astrocytoma?). Sleep study showing periodic apnea and 


irregular breathing pattern. 


The symptoms indicating a major neurologic problem 
were focal symptoms of central nervous system (CNS) 
dysfunction, such as cranial neuropathy or hemi- 
paresis, in six patients; complaint of headache, fever 


and malagia, suggesting meningoencephalitis which 


was later confirmed, in three patients; symptoms of 
brain stem stroke in four patients who presented in 
coma, three following respiratory arrest and one who 
developed respiratory arrest shortly thereafter. 

Neurologic evaluation demonstrated focal pontine 
involvement, focal medullary involvement, bilateral 
corticospinal and long tract involvement in the majority 
of cases (Table 2). 


Ventilatory Status 


All 13 patients suffered respiratory arrest, with or 
without cardiac arrest, at least once and most patients 
on multiple occasions. On admission all patients re- 
quired mechanical ventilatory assistance, eight con- 
stantly and five during sleep only. This was provided in 
12 patients by a positive pressure respirator, and one 
patient used a rocking bed. All patients came to us with 
tracheostomas, two of which had been allowed to close 
but which were then reopened within two weeks, prior 
to admission, because of recurrent cardiorespiratory 
arrest. 


AB. w ej 


b.d. 5/24/57 
Ondine's (C.V.A.) 


Date of study 12/4/74 
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Fic. 2. Central alveolar hypoventilation in a 17-year-old boy with a 
CVA secondary to an AV malformation of the brain stem. Venti- 
latory response to hypercapnia-hyperoxia is diminished. There was 
no increase in ventilation in response to progressive hypoxia. 
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ÍcLostb TRACHEOSTOMY lOPENED 
Imin! UPPER AIRWAY OBSTRUCTION 


Fic. 3. Postpacing apnea and upper airway obstruction in a 71-year-old woman following removal of a hemangioblastoma from the cerebellar— 
pontine angle. There was a long period of apnea when pacing was discontinued which was followed by a gradual return of spontaneous respira- 
tions. With plugging of the uncuffed tracheostomy tube the intratracheal pressure progressively increased. There was a further marked increase 
in pressure when the diaphragm pacemaker was turned on. When the tracehostomy tube was unplugged there was a prompt fall in intratracheal 
pressure and a return to normal of the arterial saturation and end-tidal carbon dioxide levels. 


Central alveolar hypoventilation (CAH). CAH was 
common to all patients in this series. Five patients who 
were assessed by a sleep study showed periodic central 
apnea during sleep (Fig. 1); in a sixth patient the study 
was attempted but could not be completed. In the other 
seven patients hypoventilation was so severe that a 
sleep study to demonstrate the presence or degree of 
central apnea was deemed inappropriate. The ventila- 
tory response to hypercarbia and hypoxemia was tested 
in seven patients; the other six, three quadriplegics and 
three with severe ventilatory insufficiency or muscular 
paralysis, could not cooperate for the test. There was a 
lack of or a diminished response to hypercarbia in five 
of the seven patients and to hypoxemia in six. Four 
patients showed a diminished response to both states 
(Fig. 2). 

Pacing of the diaphragm by electrical stimulation of 
one or both phrenic nerves was used to treat hypoventi- 
lation and apnea of central origin in these patients. The 
phrenic nerves in all 13 patients were intact and viable 
since the lower motor neurons were not involved in the 
brain stem injury. The operative technique for im- 
planting the stimulator has been described elsewhere.? 

Upper airway obstruction (UAO). UAO was severe 
in five patients as was evident when the airway was 
not kept open by a patent tracheostomy tube. In two of 
these patients there was bilateral vocal cord paralysis in 
which the cords had assumed a paramedian or closed 
position. In four patients, UAO was observed during a 


sleep study: it was more severe when the diaphragm 
was being paced (Fig. 3). In the remaining four patients, 
three of whom were quadriplegics, the presence of 
UAO was not apparent. 

The tracheostoma made prior to admission was main- 
tained in all 13 patients. 

Patency of the tracheostoma was maintained in three 
patients by a straight plastic sleeve which was plugged 
during the daytime but left open at night to provide an 
unobstructed airway during diaphragm pacing. An 
open, curved metal tracheostomy tube was worn by the 
remaining ten patients. 

Aspiration pneumonitis. This was a recurrent serious 
problem. Most patients had many attacks, necessitating 
repeated or constant antibiotic coverage. There was 
one case of lung abscess and empyema requiring 
drainage. 

Ciné fluoroscopy of the esophagus was carried out in 
all but three patients, in two quadriplegic children and 
in an adult in whom simple fluoroscopy showed such se- 
vere aspiration that a ciné was considered unnecessary. 
Marked incoordination of swallowing was demonstrated 
in five patients. In five others ciné showed aspiration of 
barium taken by mouth (Fig. 4), and in one patient blue 
dye taken by mouth appeared in the tracheal aspirate. In 
one patient aspiration could not be demonstrated by us 
but past episodes were suspected on the basis of re- 
corded bouts of pneumonitis. 

Gastrostomy was performed in ten patients to pro- 


Vol. 19] e No. 6 


vide a bypass of the impaired structures of swallowing 
in an attempt to minimize aspiration of fluid or food 
taken by mouth. To minimize aspiration secondary to 
regurgitation, patients were fed in the sitting position 
and their stomachs emptied before retirement at night. 
There were two patients treated by other means, one by 
nasogastric tube for three months until aspiration was 
no longer a problem and the other, who occasionally 
aspirated a small amount, by inflating the tracheostomy 
tube cuff for eating or drinking. One patient was fed 
intravenously for a few days following brain stem injury 
but was able to take food by mouth thereafter. 

Atonic paralysis of the pharyngeal muscles and rel- 
ative spasm of the cricopharyngeus muscle was be- 
lieved to be contributing to the pooling of secretions and 
food in the pyriform sinus and subsequent aspiration in 
two patients. Cricopharyngeal myotomy was carried 
out in both. 

In three cases of dysphagia with a severe degree of as- 
piration, a surgical closure of the larynx was done sub- 
sequently. The operative technique used is illustrated in 


n a 





Fic. 4. Ciné esophagogram in a 71-year-old male following a brain 
stem CVA. There was marked dysphagia and tracheal aspiration. 
Barium taken by mouth is shown to pass freely into the trachea 
alongside the metal tracheostomy tube. 
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FiG. Sa. The larynx is approached through a horizontal skin incision 
made over the thyroid cartilage. Skin flaps are developed by subcu- 
taneous dissection superficial to the sternohyoid muscle. The sterno- 
hyoid muscles are separated from each other in the midline exposing 
the underlying thyroid notch and cricothyroid membrane. 


Figures 5a-f. Its use will be reported in greater detail 
elsewhere.? 


Results of Treatment 


Ventilation in eight patients with CAH was supported 
by diaphragm pacing using unilateral phrenic nerve stim- 
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Perichondrium 
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Fic. 5b. After incising the perichondrium, a vertical midline thyrot- 
omy (arrows) is created using a #15 surgical blade if cartilage is unos- 
sified. If ossification has occurred, an oscillating saw is used to create 
a vertical incision through the thyroid cartilage. 
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False cord 


Ventricle 


Subglottic lumen 


FiG. 5c. The larynx is opened to expose the true and false cords. 


ulation for a mean time of three years ranging from two 
months to ten years. Ventilation in two of the quadri- 
plegic patients was provided entirely by pacing, using 
stimulation of both nerves alternately for 2.3 and 3.3 
years. Another patient originally needing full time sup- 
port was able to be weaned from daytime pacing. In 
two patients ventilation was inadequate using alter- 
nated stimulation, but attempts to maintain greater ven- 


P 


| 
A : False cord. 





FiG. 5d. Mucous membrane between the free edges of the false and 
true cords is resected thereby accomplishing circumferential removal 
of the mucosa from the glottis. Careful attention must be paid to the 
removal of mucous membrane from both laryngeal ventricles during 
this step of the procedure. The free edges of both false and true cords 
are undermined 1| to 2 mm to facilitate their midline approximation. 
The glottis is then closed superiorly in a first layer by approximating 
denuded margins of both false cords with interrupted absorbable 
suture. 
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tilation by simultaneous bilateral stimulation failed be- 
cause of development of diaphragm fatigue, and the pa- 
tients had to be returned to mechanical ventilation and 
part-time pacing. One of these patients, a 4-year-old 
quadriplegic child who before and after admission had 
multiple episodes of cardiac arrest causing extensive 
brain damage, was paced continously for about 36 hours 
until diaphragm fatigue was observed, at which point 
she was put on positive pressure respiration for eight 
hours then returned to part-time pacing. The other pa- 
tient, one with widespread loss of muscle and respi- 
ratory ataxia, had continuous pacing of both hemidia- 
phragms up to 20 hours daily, but the pacing time was 
shortened to 16 hours after diaphragm fatigue was ob- 
served. Repeated bouts of pneumonitis secondary to as- 
piration further reduced the effectiveness of pacing in 
this patient. The larynx was closed surgically and at pres- 
ent the patient is on pacing for short periods each hour 
during the day and for the rest of the time on a mechan- 
ical ventilator. 

Upper airway obstruction was successfully managed 
by tracheostomy. In those patients with persistent 
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Fic. 5e. A superiorly based sternohyoid muscle pedicle is then routed 
through the thyroid notch. The margins of alar cartilages may be 
resected in order to widen the notch for the comfortable insertion of 
the muscle pedicle. The leading edge of the muscle flap is anchored 
to the interarytenoideus muscle in the midline posterior commissure 
securely before the free edges of the true vocal cords are approxi- 
mated inferiorly. In this regard, the viable muscle flap provides a 
dual function. On one hand it obliterates a large dead space created 
by the apposition of the ventricular concavities, and on the other three 
layers rather than one layer of closure are accomplished without 
tension. 
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UAO due to muscular paralysis and those with UAO 
resulting from surgical closure of the larynx, the trache- 
ostomy tube was kept open at all times. In patients who 
obstructed only when sleeping and pacing, the trache- 
ostomy tube was plugged during waking hours. One 
case of mild tracheal stenosis and another of tracheal 
collapse both below the tracheostoma were apparently 
the result of prolonged intubation causing injury to the 
tracheal wall. Neither complication required surgical 
correction. 

Gastrostomy combined with tracheostomy was suc- 
cessful in the management of four patients with a small 
amount of aspiration. In three, when aspiration became 
negligible the gastrostoma was allowed to close. The 
fourth patient was discharged from the hospital with a 
gastrostoma and had no further trouble from aspiration. 
A mild aspiration in two other patients was successfully 
controlled by the temporary use of a nasogastric tube in 
one and inflation of the tracheostomy tube balloon in 
the other. In six cases of moderate to severe aspiration 
gastrostomy plus tracheostomy was inadequate con- 
trol. Subsequently surgical closure of the larynx in 
three of these prevented further aspiration (Table 3). 
The gastrostoma was allowed to close in one patient 
but in two patients it was retained because of persistent 
severe dysphagia. Three patients with a gastrostoma 
and tracheostoma were discharged from the hospital 
with a moderate amount of aspiration. One died fol- 
lowing an episode of massive aspiration one month later 
in a rehabilitation hospital. 

Dysphagia and aspiration were improved in one pa- 
tient by a cricopharyngeal myotomy but were made 


M^ worse in the second patient by the procedure. 
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Fic. 5f. The thyroid alae are re-approximated with several absorbable 
sutures and the wound closed over a Penrose drain. Oral feedings 
may be resumed on the 7th to 10th postoperative day. 
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TABLE 3. Tracheal Aspiration: Treatment Method 
Pee >. S eee Tr EE va 
Controlled 
Patients 
Severity and Treatment No Complete Incomplete 
MD X C Ee Se ere Rr cH S SEO ES 
Mild 6 
gastrostomy and 
tracheostomy 4 
nasogastric tube l 
cuffed tracheostomy 
tube l 
Moderate to severe 6 
gastrostomy and 
tracheostomy 3 
plus laryngeal 
closure Er 3 E 
Total 12 7 5 
Mortality 


There was no hospital mortality but six patients died 
after discharge. Myocardial infarction, carcinoma of 
the lung and gram negative sepsis probably secondary 
to a urinary tract infection accounted for three deaths. 
The other three patients died suddenly in cardiorespira- 
tory arrest: one from suffocation due to aspiration while 
in a rehabilitation hospital and with the pacer found in 
the “off” position; one, who had meningoencephalitis 
and multiple episodes of cardiorespiratory arrest 
(which possibly because of diaphragm fatigue had not 
been prevented by diaphragm pacing), from severe 
brain damage; and the third, who had syringobulbia, 
from ventilatory insufficiency while being weaned from 
the pacer at home. 


Discussion 


It is apparent from a review of the clinical status of the 
patients in this series that there is a wide spectrum of 
symptoms and signs associated with brain stem lesions. 
It is apparent also that in such cases ultimate survival is 
dependent on the control through spontaneous re- 
covery or therapeutic intervention of respiratory com- 
plications. A recognition of the lethal potential of these 
complications and the development of a rational plan 
for their control has evolved. 

All patients reported showed evidence of partial to 
complete disruption of automatic control of respiration. 
It was not surprising that there were several patterns of 
disruption, since there are multiple centers, with speci- 
fic functions, controlling respiration in the brain stem. 
The centers in the brain stem for automatic regulation of 
respiration are thought to reside in the pontine pneumo- 
taxic center, the dorsal and ventral regulating center in 
the medulla oblongata, the pontine and medullary re- 
ticular system and the tracts leading to the cervical 
cord.' 
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Focal involvement of the bulbar nuclei, namely the 
nucleus ambiguus, the hypoglossal nucleus and the 
sympathetic tracts, since these are in close anatomical 
proximity to the regulatory center for respiration can 
result in the loss of sensory and motor function in the 
pharynx and larynx. Thus findings of bulbar dysfunc- 
tion are likely to be associated with CAH, U AO and as- 
piration, and are consonant with CAH associated with 
brain stem dysfunction. 

The treatment of CAH by diaphragm pacing is now 
well established.* Patients may fare well on partial sup- 
port provided by stimulation of one phrenic nerve fol- 
lowed by arest period or on full-time support where the 
two nerves are stimulated alternately. 

It has recently been demonstrated that prolonged, un- 
interrupted stimulation of the phrenic nerves using the 
electrical parameters advised for diaphragm pacing for 
relatively short periods (12 hours daily) will cause dia- 
phragm fatigue and possibly irreparable damage to the 
phrenic nerves.’ * If both hemidiaphragms must be 
paced together to achieve the required ventilation, a 
schedule in which uninterrupted stimulation of the 
nerves is limited to 12 hours and the current employed 
is not in excess of that which will achieve maximum 
tidal volumes can be used without fear of nerve injury.? 
It has been possible by manipulating the electrical pa- 
rameters to extend the safe period of uninterrupted stim- 
ulation in the animal model.” Whether this experience 
can be transferred to man is not yet certain. 

Upper airway obstruction was a serious problem for 
many of our patients. In some patients it necessitated 
keeping the tracheostoma open at all times. In patients 
who had surgical closure of the larynx to prevent as- 
piration, the upper airway was of course blocked. In 
several others UAO occurred only when the patient was 
sleeping while being ventilated by diaphragm pacing. 
In an earlier report we called attention to the frequent 
occurrence of UAO in patients with CAH who were 
being paced and we stressed the necessity for creation 
of a tracheostoma in such patients." In patients with 
brain stem and ventilatory problems but who do not 
evince UAO, a tracheostoma should nevertheless be re- 
tained in the event of aspiration or a need for mechan- 
ical ventilation. 

A major cause of morbidity and mortality with brain 
stem lesions is aspiration pneumonitis. The underlying 
neuromuscular defect in all patients is a simultaneous 
paralysis of both the laryngeal and pharyngeal mus- 
culature. In brain stem related injuries of this type, high 
vagal interruption will produce vocal cord paralysis in 
abduction and pronounced atonicity of the pharyngeal 
musculature — defects which often result in the fol- 
lowing pathophysiologic consequences: glottic incom- 
petence producing loss of spincteric protection of the 
lower airway and ballooning of the pharynx with over- 
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flow contamination of the trachea. An understanding of 
the seriousness of aspiration pneumonitis and a method 
for its management has evolved from our experience 
with the patients reported. The death of one patient in 
our series from massive aspiration in the presence of a 
patent tracheostoma and with the stomach emptied 
through the gastrostoma at bedtime, emphasized the 
possibility of the occurrence of aspiration despite pre- 
cautions, especially in patients with impairment of 
motor and sensory function in the pharynx and trachea. 
In retrospect this patient, and possibly two others who 
had significant aspiration at the time of discharge and 
who later died of unrelated causes, should have had 
surgical closure of the larynx prior to discharge from the 
hospital. 

It is no longer acceptable to permit even a moderate 
degree of aspiration to go uncorrected. Any method 
short of complete surgical closure of the larynx will 
not eliminate the problem. Cricopharyngeal myotomy 
may be useful in enabling the patient to swallow but it 
will not prevent aspiration. Indeed, aspiration may 
worsen after cricopharyngeal myotomy because of in- 
creased pooling of secretions in the pyriform sinuses if 
the inferior constrictors are included in myotomy. Nor 
will moving a paralyzed vocal cord to the midline by 
the injection of Teflon* adequately alleviate aspiration. 
Gastrostomy is done for feeding purposes in such pa- 
tients who aspirate food and fluid taken by mouth, but 
will not affect the aspiration of saliva or regurgitation of 
stomach contents. Following a secure closure of the 
larynx it may be possible to close the gastrostoma if 
the swallowing ability has returned. 

Several techniques have been employed in the past to 
close the larynx in the treatment of life-threatening as- 
piration'"^'* but in our hands they have not always re- 
sulted in a secure or lasting closure and for this reason 
the present technique, a modification of Montgomery's 
operation, was developed and used for the first time in 
two patients in this series. It has now been success- 
fully used in three other patients and further details 
of the procedure are reported elsewhere.” 

Brain stem injuries are associated with varying de- 
grees of muscular paralysis. In five patients in our series 
paralysis was completely disabling, in two resulting 
from incoordination of muscular action and in three 
from quadriplegia. The remaining eight patients have 
been restricted to varying degrees by muscular dis- 
ability. In those now living, except for one still hospi- 
talized, these disabilities have not prevented them from 
pursuing active lives. 


Conclusion 


Three life-threatening respiratory complications are 
regularly encountered in patients who survive the initial 
insult from a diffuse brain stem lesion — central alveolar 
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hypoventilation, upper airway obstruction, and aspira- 
tion pneumonitis. From treating 13 patients who did 
survive, a surgical plan for managing the respiratory 
sequelae of such injuries has evolved and consists of: 
1) diaphragm pacing, to correct hypoventilation; 2) tra- 
cheostomy, for bypassing the upper airway obstruction; 
3) gastrostomy, for bypassing the impaired structures 
of swallowing: 4) surgical closure of the larynx to pre- 
vent aspiration. 
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DISCUSSION 


DR. A. ROBERT CORDELL (Winston-Salem, North Carolina); We 
continue to be indebted to Dr. Glenn and his group at Yale for their 
on-going pioneer work in the development of techniques and 
materials for electrophrenic respiration. Today we see its applica- 
tion to a group of patients from neurological and neurosurgical 
services, exhibiting a variety of brain stem lesions. These patients 
generally are a unique group, in that their brain function is intact, 
except for damage to the pons and medulla oblongata areas. It’s 
truly gratifying, therefore, to be able to accomplish as much toward 
their rehabilitation as has been possible using these approaches. 

I'm also impressed with the well-organized plan, which includes, 
in sequence, diaphragm pacing, tracheostomy, gastrostomy, and 
surgical closure of the larynx. 

In studying their patient group, it occurred to me that in some 
situations it might be possible to use another procedure to prevent 
aspiration; namely, banding of the lower esophagus, as described 
by Urschel. He uses it successfully to prevent reflux and esophageal 
perforation, until that tract and empyema have cleared. Rein- 
forced Silastic works well on the pulmonary artery, producing 
little reaction and being easily removed. Such banding might 
obviate the need for the permanent laryngeal procedure, thereby 
preserving phonation, and could be removed if patient improve- 
ment allowed it. 

Furthermore, banding could be done at the time of gastrostomy, 
avoiding another procedure. Oral or salivary secretion might or might 
not be a continuing problem in those patients. 

One question for Dr. Glenn concerns the current status of 
diaphragm pacing. Is the unit now implantable and programmable, 
as are cardiac units, and has any sensing mechanism been worked 
out for demand type use? 


DR. GILBERT S. CAMPBELL (Little Rock, Arkansas): Dr. Glenn 
asked me to discuss this paper. I thought what an honor that is be- 
cause he recognizes my interest in neurophysiology and my ability 
to run up and down the nerves recording action potentials. I pub- 
lished an article on Ohm's Law, E = IR, applying it to the pul- 
monary circulation almost thirty years ago. 

Dr. Glenn has pioneered the application of electrophysiology to 
surgical patients. He has studied phrenic nerve conduction in pa- 
tients undergoing ventilatory support via electrophrenic respiration. 

I have been fascinated with the overlap of interests between Dr. 
Stanley Sarnoff, a superb physiologist and Dr. William Glenn. a 
leading surgeon. Independently they and their colleagues have 


developed electrophrenic respiration and each developed a new 
cardiovascular surgical procedure. 

Dr. Glenn described the anastomosis of the superior vena cava 
to the right pulmonary artery in patients with tricuspid valve 
atresia i.e., the Glenn operation. Dr. Sarnoff in the early 1950's 
detailed experimental studies on bypass of the aortic valve by inter- 
position of a valved conduit between the left ventricular apex and 
the thoracic aorta. The Sarnoff procedure has been applied clinically 
in patients with complex forms of left ventricular apex and the 
thoracic aorta. The Sarnoff procedure has been applied clinically in 
patients with complex forms of left ventricular outflow obstruction. 

I wish I was able to speak like Dr. Walter Becker because then I 
could describe the gratitude that these patients with brain stem 
lesions feel for Dr. Glenn. Heretofore, these patients were 
shackled via ventilator tubing and imprisoned in ICU's. By means 
of electrophrenic radiofrequency stimulation, they are liberated, 
born again, born free, and are able to leave the hospital and to carry 
on productive lives. 


DR. WiLLIAM W. L. GLENN (Closing discussion): Dr. Cordell, 
your comment on banding the lower esophagus to control aspira- 
tion, which has been used successfully by Urschel, is very interesting, 
and something that should always be considered. 

If, however, aspiration is so severe as to include all saliva, banding 
the esophagus would not solve the problem. 

I have become more and more convinced that aspiration 
pneumonitis is a most serious complication and I believe it is a 
cause of death of a much larger number of patients than we realize. 

I am impressed by the ingenious operation designed by our 
colleague, Dr. Sasaki, for laryngeal closure to prevent aspiration. 
In the five patients having this operation there was secure closure of 
the larynx in all. A record unequaled by any other laryngeal 
closure procedure. 

As to your second question, a totally implantable pacemaker has 
been designed by our colleague, Mr. James Hogan, and is now in 
the process of being converted to a hybrid circuit to reduce it to a 
size suitable for implantation. It will be powered by a lithium 
battery and programmable from the exterior. 

We have also constructed a demand type diaphragm pacemaker 
that controls the Pco, level by sensing the end tidal CO, and 
adjusting respiratory rate accordingly. 

As usual it is very difficult to respond to Dr. Campbell's 
remarks. 


Evaluation and Treatment of Acute and Chronic Pancreatitis ` 


A Review of 380 Cases 


JOAQUIN S. ALDRETE, M.D., HERNAN JIMENEZ, M.D., NORMAN B. HALPERN, M.D. 


The cases of 380 patients with pancreatitis were analyzed retro- 
spectively. There were 237 men (62%) and 143 women (38%). 
Etiologic factors included: alcoholism, 62%; biliary lithiasis, 
16.6%; idiopathic, 12%; miscellaneous, 7%; and trauma, 2.4%. 
Acute pancreatitis occurred in 279 patients (73%); 189 (67%) 
were treated nonoperatively, 90 (33%) underwent operation; 
electively in 43 and urgently in 47. Postoperatively, one patient 
(2.3%) died in the elective group and 14 (30%) in the emergency 
group. Chronic pancreatitis occurred in 101 patients. Their 
pertinent findings were: alcoholism in 7896, biliary lithiasis 
in 8%, absence of abdominal pain in 15%, diabetes in 40%, and 
jaundice in 20%. Fifty patients were treated without operation; 
43 were alcoholics, 17 of them died in the follow-up period. 
Fifty-one patients, 36 of them alcoholics, underwent a variety of 
operations, with three deaths (6%); 21 were improved after 
operation. It was concluded that 30% of patients with acute 
pancreatitis require operation, mainly to correct biliary 
lithiasis. Emergency operations dictated by relentless deteriora- 
tion or uncertain diagnosis had a high operative mortality 
(30%), particularly in patients with necrotizing or hemorrhagic 
pancreatitis. Operative treatment for chronic pancreatitis was 
most effective when directed toward specific goals, including 
pseudocysts, obstructed pancreatic or common bile ducts. 
Operations done without specific anatomical objectives were 
often therapeutic failures. 


ANCREATITIS IS A COMMONLY encountered prob- 
lem. Frequently, the course of the disease is 
limited to a single episode, but in a significant number 
of patients, the attacks of pancreatitis recur becoming 
a chronic, disabling condition. In other instances, the 
episode can be of such severity that it becomes life- 
threatening and even fatal. 

The lack of adequate and specific categorization of 
patients with pancreatitis hampers the establishment 
of useful guidelines to accurately estimate the prog- 
nosis of the disease in these patients. Furthermore, 
the identification of the most effective modalities of 
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treatment in each category, as well as the indications 
for and timing of surgical intervention in these patients, 
is not well defined. This paper attempts to elucidate 
these problems. 


Materials and Methods 


The experience accumulated in managing patients 
with pancreatitis on the surgical services of the Univer- 
sity and Veterans Administration Hospitals at the 
University of Alabama in Birmingham was analyzed 
retrospectively. The hospital charts of all patients ad- 
mitted to these surgical services between the years 
1968—1977 because of pancreatitis were located and 
reviewed. 

The diagnosis was established by one or more of the 
following: serum amylase above 300 Somogyi Units 
(S.U.), a urine amylase spot measurement recorded to 
be above 300 S.U., description of direct inspection 
of the pancreas at operation or autopsy confirming the 
presence of pancreatitis, or roentgenographic evidence 
of pancreatic calcinosis. 

All the pertinent data were abstracted and organized. 
Since the most useful categorization of patients with 
pancreatitis is the one that divides the disease into its 
acute and chronic forms, this is the primary categoriza- 
tion used throughout the paper. However, the categori- 
zation of the pancreatitis in accordance with its alleged 
etiological factors and according to its morphologic 
characteristics is also of great importance and was 
interrelated to the other parameters analyzed in the 
study. The data obtained were organized according to 
the categorization of pancreatitis in its acute form 
when there was one or two attacks of pancreatitis, 
and in the chronic form when there were more than 
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TABLE 1. Mode of Documentation of the Diagnosis 
of Pancreatitis in 380 Patients 








Mode Acute Chronic Total 

Serum amylase > 300 U.S. 211 39 250 

Urine amylase > 300 U.S. 144 33 177 

At operation 78 51 129 

At autopsy 15 12 27 
Only by the presence of pancreatic 

calcification at X-ray 0 4 4 





two attacks of pancreatitis, or when the disease or its 
sequelae persisted in a continuous fashion after the 
initial attack. 


Results 


There were 380 patients that met the criteria for inclu- 
sion in this study. The modes used to substantiate the 
diagnosis of pancreatitis are shown in Table 1. There 
were 237 males (62%) and 143 females (38%); 228 
(60%) were black, 152 (40%) were white. The age range 
is shown in Figure 1. The elicited etiologic factors are 
shown in Tables 2 and 3. 

The symptoms, signs and other pertinent diagnostic 
findings in these 380 patients with pancreatitis are 
summarized in Table 4. The recorded measurements of 
the serum and urine amylase levels are shown in Table 5. 


Roentgenographic Findings 


Plain films of the chest were obtained in all patients; 
pleural effusions were detected in 37, in 21 it was 
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Fic. 1. Age distribution of 380 patients with pancreatitis. 
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TABLE 2. Etiologic Factors in Relation to the Type of Pancreatitis 


Acute Chronic Total Per Cent 
Alcoholism 157 79(5*) 236 62.1 
Biliary lithiasis 55 NES 63 16.6 
Idiopathic 37 9 46 12.1 
Trauma 9 0 9 2.4 
Miscellaneous . 21 E. 26 6.8 
Total 279 101 380 100.0 





* Also had biliary lithiasis. 


located in the left chest, in eight in the right, and 
was bilateral in eight. The findings noted in the plain 
abdominal films were: unremarkable in 194, compatible 
with adynamic ileus in 45, compatible with mechanical 
obstruction in eight, enlargement of the pancreas was 
suggested in 25, pancreatic calcifications were seen in 
42 (20.6%) and ascites was suggested in one. Oral 
cholecystograms were performed in 155 patients; the 
gallbladder functioned normally in 105, functioned but 
calculi were present in 25, and did not function in 25. 
Intravenous cholangiograms were obtained in 80 
patients with the following findings: the extrahepatic 
biliary ducts could not be seen in 19 patients, in the 
other 61 patients, the extrahepatic bile ducts could be 
seen; 51 of them were thought to be of normal size, 
the other ten were clearly enlarged. Upper gastrointes- 
tinal series were done in 145 patients; they were consid- 
ered to be normal in 102, displacement of the stomach 
by the enlarged pancreas was noted in 17, widening of 
the duodenal loop in ten patients, and peptic ulcer 
disease was found in eight. Ultrasonography of the 
pancreas was done in 60 patients; it was interpreted as 
normal in 30, a pancreatic pseudocyst was detected in 
13, and enlargement of the pancreas was noted in 17. 

The complications related to the pancreatitis ob- 
served during the period of hospitalization of these 
patients are listed in Table 6. 


Surgical Treatment 


Of the 380 patients studied, 239 (62.9%) were treated 
without operation and 141 underwent operation attempt- 


TABLE 3. Miscellaneous Alleged Etiologic Factors in Pancreatitis 








Acute Chronic Total 

Hyperlipidemia 7 l 8 
Renal failure 4 3 7 
Vasculitis 4 0 4 
PUD 4 0 4 
Postpartum l 0 I 
Postoperative l 0 l 
Hypercalcemia 0 l l 

26 
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TABLE 4. Symptoms, Signs and Other Pertinent Diagnostic 
Observations in 380 Patients with Pancreatitis 


Acute Chronic Total Per Cent 

Abdominal pain 2/9 . 84 363 95.5 
Back pain 85 27 112 29.5 
Weight loss 0 55 55 14.5 
Vomiting 201 33 234 61.6 
Steatorrhea 0 39 39 10.2 
No pain 0 17 17 4.4 
Abdominal tenderness 224 35 259 68 
Abdominal mass 8 12 20 5.2 
Abdominal distention 55 5 60 15.8 
Tachycardia* 190 21 211 55.6 
Fever? 128 12 140 36.8 
Hypotensionzt 15 8 23 6 
Jaundice§ 25 20 45 11.8 
Pancreatic calcifications 0 42 42 11 

* Pulse > 120. 

1238 C. 


t Systolic Blood Pressure < 90 mmHg. 
§ Total Bilirubin ^ 3 mg/dl. 


ing to treat their pancreatitis. In the nonoperative 
group, there were 189 with acute pancreatitis; 174 re- 
covered and left the hospital, 15 others died. There 
were 50 patients with chronic pancreatitis that were 
never operated upon in their follow-up periods ranging 
from nine to 100 months. Seventeen of these patients 
died, usually due to complications related to their 
coexistent advanced alcoholic liver disease. or due to 
renal failure. Of the 239 patients treated without opera- 
tion, 32 (13.4%) died. 

The other 141 patients (37.176) were treated by 
operation. The pancreatitis was acute in 90 patients and 
chronic in 51. In this group of 141 patients, accurate 
categorization of the morphological type of pancreatitis 
could be done. There were 62 patients with the 
edematous form, all having acute pancreatitis. There 
were 31 of the necrotizing type, 19 of the acute form 
and 12 of the chronic form. Hemorrhagic pancreatitis 
was seen in nine patients, all with the acute form. 
Finally, there were 39 patients (27.7%) who had the 
chronic fibrous morphology. 


TABLE 5. Recorded Serum and Spot Urine Amylase Levels* 


Acute Chronic Total Per Cent 
Serum Amylase 
«300 S.U. 67 56 123 33 
7300 S.U. 211 39 250 67 
Total 278 95 373 100 
Urine Amylase 
<300 S.U. 21 27 48 22.2 
7300 S.U. 144 24 168 77.8 
Total 165 51 216 100 


* Normal values for serum and spot urine amylase levels are 80 
to 120 S.U. 
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TABLE 6. Complications Observed in 380 Patients with Pancreatitis 


Acute Chronic Total Per Cent 
Diabetes 29 46 75 20 
Exocrine insufficiency 0 39 39 10 
Pseudocyst 20 14 34 9 
Abscess 15 4 19 5 
Hypocalcemia (<8 mg/dl) 50 26 76 20 
Acute renal failure ZI 3 30 8 
Pancreatic ascites 3 0 3 0.8 


When hospital mortality was analyzed in the opera- 
tive group, of the 62 patients with edematous pancrea- 
titis, there were five deaths (8%); however, none of 
these deaths could be directly attributed to the pancre- 
atitis. Of the 31 cases of the necrotizing form, there 
were 11 deaths (35.5%), nine of these patients had acute 
and two had chronic forms. There were nine patients 
with hemorrhagic pancreatitis, five of them (55.5%) 
died; all had acute pancreatitis. There were two deaths 
in the group of 39 patients with chronic fibrous pancre- 
atitis. 

For the sake of clarity, the surgical procedures per- 
formed were organized according to the acuteness or 
chronicity of the pancreatitis. 


Acute Pancreatitis Group 


Operation was performed electively in 43 patients 
and urgently in 47. The indications for operations were: 
To correct coexisting biliary tract disease in 35 patients, 
general deterioration and sepsis with the possibility 
of a pancreatic abscess in 34 patients, uncertain diag- 
nosis in 11 patients, to drain pancreatic pseudocysts in 
seven patients, upper gastrointestinal bleeding in two 
patients, and to treat pancreatic ascites in one patient. 
Various operations were performed in the 43 patients of 
the elective group: Cholecystectomy in 21 patients, 
cholecystectomy and exploratory choledochotomy in 
16 patients, and pancreaticojejunostomy in six patients. 
There was one operative death (2.3%). The emergency 
operations performed in 47 patients were: Celiotomy 
and pancreatic drainage in 21 patients, celiotomy alone 
in seven patients, cholecystostomy and pancreatic 
drainage in four patients, cholecystectomy and pancre- 
atic drainage in four patients, cholecystectomy and 
exploratory choledochotomy in four patients, chole- 
cystostomy, gastrostomy, jejunostomy and drainage of 
the pancreas in four patients, partial pancreatectomy 
in two patients, and pancreaticojejunostomy in one 
patient. There were 14 (29.8%) deaths in this subgroup. 


Chronic Pancreatitis Group 


The operations employed to treat this group of 51 
patients were varied. The surgical treatment used can 
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TABLE 7. Indications for Operation in Pancreatitis 
Acute 
Chronic 
Emergency Elective Elective Total Per Cent 
————————————————————————————————————————————————————————————————— d a 
General deterioration & sepsis 34 34 24 
Uncertain diagnosis 11 6 17 12 
Upper GI bleeding 2 2 1.4 
To correct biliary tract disease 35 24* 59 41.9 
Phlegmons & pseudocysts 7 16 23 16.3 
Pancreatic ascites l I 0.7 
To drain dilated pancreatic ducts 2 2 1.4 
To resect and drain pancreas be. 3 3 2.1 
47 43 5] 141 100 


* Eight patients had documented biliary lithiasis, 12 had obstruc- 
tion of the distal common bile duct caused by the pancreatitis. In 


be best analyzed by categorizing it according to the 
indications for operation. They were: To treat pancre- 
atic pseudocysts in 16 patients, because of unclear 
diagnosis in six patients, to correct coexistent biliary 
tract disease in 24 patients, to drain dilated pancreatic 
ducts in two patients, and to resect part of the pan- 
creas and drain the ductal system hoping to alleviate the 
pain in three patients. There were three operative 
deaths (6%) in this subgroup. In the follow-up period, 
there were five other patients who died many months 
after operation due to other causes. Of the 43 survivors, 
adequate follow-up could be obtained in 37 patients. 
These patients were followed from 12 to 120 months 
after operation. Twenty-one of them were free of pain 
and in relatively good health. The remaining eleven 
patients were essentially unimproved after operation, 






279-73.4% 
Acute Pancreatitis 


Fic. 2. Overall outcome of 
380 patients with pancreati- 
tis also showing mortality 
according to the acute and 
chronic forms of the disease, 
and to the operative and 
nonoperative modalities of 
treatment. 





four, no biliary lithiasis could be demonstrated. 


nine of them were alcoholics. The operations per- 
formed in these 11 unimproved patients were: chole- 
cystectomy in three patients, sphincteroplasty in one 
patient, distal pancreatectomy in two patients, chole- 
cystostomy in one patient, cystojejunostomy in one 
patient, and a cystogastrostomy in one patient. 

Thus, from the 380 patients with pancreatitis, 141 
underwent operation for the indications summarized in 
Table 7. There were 18 operative deaths (12.7%), 15 of 
these patients had acute pancreatitis; 14 of them were 
operated on as an emergency. Three patients operated 
for chronic pancreatitis, died. The distribution of the 
mortality observed in the entire group of studied 
cases, categorized by the acuteness or chronicity of the 
disease and by modality of operative and nonoperative 
management, is summarized if Figure 2. 
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Discussion 


The term pancreatitis encompasses an ill-defined 
collection of puzzling entities with two common 
factors; involvement of the pancreas, and inflammation 
sometimes followed by fibrosis and calcification. For a 
number of years, the clinical and morphological charac- 
teristics of pancreatitis have served as the basis for 
classifying this complex disease. Because of the 
multiplicity and overlapping of factors that can be 
analyzed in these different categories, it is extremely 
difficult to clearly identify the best methods to treat 
each variety of pancreatitis. The clinical patterns 
followed by the acute and chronic forms of the 
disease in relation to some of its alleged etiologic fac- 
tors have been nicely grouped by White" after he studied 
733 patients. Most of those with recurrent acute pan- 
creatitis were women; 10% were "binge alcoholics,” 
75% had gallstones, and 10% had a duodenal ulcer. 
In the same series, most patients with chronic pancre- 
atitis were men; 75% were chronic alcoholics and less 
than 10% had associated gallstones. Slightly more than 
15% had diabetes and about one-third had calcifications 
of the pancreas. Similar observations were made in the 
present study except there was a much higher incidence 
of alcoholism in both the acute and chronic groups. 

The standard medical management of acute pancre- 
atitis includes analgesics, maintenance of intravascular 
volume, nasogastric aspiration of gastric contents, and 
prompt recognition and treatment of complications. 
Despite many years of investigation, no specific drug 
or nonoperative procedure has been proven to be of ben- 
efit.'? A recent publication"? suggested that peritoneal 
lavage can be a highly effective adjunct to the treatment 
of early complications of severe acute pancreatitis and 
can reduce early mortality. However, it was noted that 
lavage does not prevent the late local sequelae of the 
severe forms of pancreatitis, usually pancreatic and 
peripancreatic necrosis. It appears that pancreatic 
lavage, to be effective, should be established early 
in the course of the disease. This is sometimes difficult, 
because in the early stages of the disease, it is not 
always possible to distinguish the severe forms of pan- 
creatitis, usually associated with necrosis and hemor- 
rhage of the pancreas, from the less severe forms of 
pancreatitis confined to relatively moderate edematous 
inflammatory reaction. 

Our study supports the concept that, in the acute 
form, the majority of patients have one attack that 
usually subsides with standard nonoperative manage- 
ment. When an etiologic factor can be identified, 
usually biliary lithiasis, its correction usually prevents 
recurrence of the disease. In contrast, a problem is 
posed by the patients in whom the attack of pancre- 
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atitis persists despite adequate nonoperative treatment 
and develops into a much more serious disease that is 
often fatal. The current study also shows that in such 
cases the pancreas usually undergoes necrotizing or 
hemorrhagic changes. Peterson and Brooks' studied 40 
patients who died with pathologically proven severe 
pancreatitis. They classified these patients from an 
etiologic point of view and not from the morphologic 
findings at operation or autopsy. In this series, ante- 
mortem diagnosis was only made in 57% of the patients 
studied. 

Jordan and Spjut? studied 51 patients with pancreatitis 
associated with gross retroperitoneal or intraperitoneal 
hemorrhage. None of the 30 patients treated by non- 
operative methods survived; of 21 patients treated by 
operation, nine (43%) survived. Similar observations 
were made in the present study; there were no sur- 
vivors in the group with hemorrhagic pancreatitis 
treated by nonoperative methods. 

Warshaw and associates'? analyzed 38 patients with 
acute pancreatitis treated with an operation that in- 
cluded cholecystostomy, gastrostomy, feeding jejunos- 
tomy, and some drainage of the peripancreatic lesser 
sac. They felt that the survival of the patients with 
severe necrotizing pancreatitis resistent to standard 
medical measures and treated by this operative ap- 
proach was improved. In subsequent years, this 
method of ''multiple ostomies" has been employed: 
however, it has been very difficult to define if the 
survival in these patients has been due to the surgical 
treatment employed, or to the overall supportive treat- 
ment rendered to these seriously ill patients in modern 
surgical intensive care units. 

Methods have been proposed?*:!' to identify early ob- 
jective findings that would indicate the gravity of evolv- 
ing acute pancreatitis and that would be useful in identi- 
fying the patients for whom early aggressive surgical 
treatment could offer benefit. The observation at the 
time of admission of hypotension, tachycardia, fever, 
abdominal mass, and abnormal examination of the lung 
fields correlated positively with increased mortality. 
Shock, massive colloid requirement, hypocalcemia, 
renal failure, and respiratory failure requiring endo- 
tracheal intubation were complications associated with 
the poorest prognosis. 

The present study documents the advisability of 
correction of the biliary tract disease in patients with 
acute pancreatitis. The timing for this biliary surgery 
has been recently studied by Ranson’ in 74 patients 
with cholelithiasis and acute pancreatitis. He con- 
cluded that although early correction of associated 
biliary disease may be undertaken safely in many 
patients with ** mild"' acute pancreatitis, early definitive 
surgery is hazardous in "severe" pancreatitis and 
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should, if possible, be deferred until the pancreatitis has 
subsided. Our study correlates and supports this advice 
and interprets the mild forms as those of edematous 
pancreatitis, and the severe as those of necrotizing or 
hemorrhagic pancreatitis. 

The present study supports the concept that chronic 
pancreatitis is a disease frequently encountered by 
surgeons who are consulted in regard to surgical 
treatment to eliminate the symptoms of these patients 
when they are incapacitated for work and dependent 
on analgesics and are usually alcoholics. In the present 
series, 79% of patients with chronic pancreatitis had a 
history of alcohol abuse. In this group of patients, the 
effectiveness and the best modality of operative treat- 
ment remains as a subject for debate. When complica- 
tions of chronic pancreatitis, such as pancreatic 
pseudocysts, obstruction of the biliary or pancreatic 
ducts are obvious, surgical treatment directed specifi- 
cally to correct them has a good statistical chance for 
improving these patient's symptoms. Currently, with 
the wide use of percutaneous transhepatic cholangiog- 
raphy and endoscopic retrograde cholangiopancreatog- 
raphy, the detection of these complications has in- 
creased. At the same time, these improved diagnostic 
methods have demonstrated? that dilatation of the pan- 
creatic ducts does not exist in all cases of chronic pan- 
creatitis. Therefore, attempts to surgically drain pan- 
creatic ducts that are not dilated most likely would 
result in therapeutic failures. 

Way and associates'® documented that operations on 
the biliary tract of patients with chronic pancreatitis 
not always lessened the pain of pancreatic origin and 
that sphinterotomy, splanchnicectomy, gastric opera- 
tions and caudal pancreaticojejunostomy also had dis- 
appointing results. They also documented that when 
the pancreatic duct is dilated a longitudinal pancreati- 
cojejunostomy was effective in 80% of the patients 
operated under such circumstances. Similar encourag- 
ing results with longitudinal pancreaticojejunostomy 
have been reported by other surgeons.55:!*5 All of them 
concurred that, regardless of the type of operation, if 
the patients treated by this operation had evidence of 
pancreatic calcifications and abstained from alcohol 
postoperatively, the likelihood of a return to normal 
activity was more favorable. They also noted that 
continued alcohol abuse, carcinoma, cardiovascular 
and hepatic disease were the leading causes of mortality 
in these patients. 

Pancreatic resection is another alternative operative 
treatment for chronic pancreatitis; however, its indica- 
tions and the extension of the pancreatic resection re- 
main somewhat controversial. 

Frey and associates” have used pancreatectomy for 
chronic pancreatitis for a number of years. They 
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studied 149 patients, most of them alcoholics, who were 
treated by pancreatic resection. Nineteen patients under- 
went pancreaticoduodenectomy; 77 underwent 80— 
95% distal pancreatectomy, and 53 underwent 40-80% 
distal pancreatectomy. There were three operative 
deaths and 30 late deaths occurring six months to 11 
years postpancreatectomy. Thus, they could study 95 
patients that remained alive. Their choice between pan- 
creaticoduodenectomy or distal resection of 40-80%, 
or 80-95% of the pancreas was based on the following 
factors: proximal or distal location of the principle 
site of inflammation in the gland, the size of the com- 
mon bile duct, the ability to exclude carcinoma, and 
the anticipated deficits in exocrine and endocrine func- 
tions. These authors concluded that because of the 
morbidity and late mortality associated with 80-95% 
distal pancreatectomy, that whenever possible, resec- 
tion limited to 80% or less of the distal pancreas 
is the procedure of choice when pancreatic resection 
appears to be indicated in chronic pancreatitis. The use 
of retrograde cholangiopancreatography is an impor- 
tant adjunct for localizing the main site of the disease 
process in the pancreas. 

In regard to total pancreatectomy, Braasch and 
associates reviewed their experience with 26 of such 
cases. They concluded that total pancreatectomy re- 
lieves or ameliorates the pain in some patients with 
chronic pancreatitis, but very often the patient's 
personality precluded complete adaptation to the 
apancreatic state and rehabilitation. Thus, it appears 
that total pancreatectomy has limited applications in 
the patients with end-stage chronic pancreatitis. 

Two recent reviews*'!* specifically compared the re- 
sults obtained in patients with chronic pancreatitis; one 
group treated with drainage operations and the other 
group treated by pancreatic resection. Both groups of 
investigators reached similar conclusions: best overall 
results are achieved in patients with obviously dilated 
pancreatic ducts subjected to a long pancreaticoje- 
junostomy, and only about one-half of the patients with 
chronic pancreatitis on the basis of alcoholism were 
significantly benefited by 80-95% pancreatectomy or 
by a standard pancreaticoduodenectomy. They also 
noted that a short pancreaticojejunostomy was an 
ineffective approach to relieve pain in chronic pancre- 
atitis and that resectons of 40-80% were largely ineffec- 
tive in relieving pain from chronic pancreatitis related 
to alcoholism, but were effective in nonalcoholic 
patients with chronic pancreatitis. It appears clear from 
the review of the literature and our own experience, 
that operations such as sphincteroplasty, cholecystec- 
tomy and pancreatic resection, when performed without 
specific goals that truly will improve one or more of 
the anatomic disturbances produced by the pancreati- 
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tis, seldom result in objective improvement for the 
patient while they still have considerable operative 
mortality and morbidity. 

In the present study, 141 patients, 91 with acute and 
'51 with chronic pancreatitis, could be categorized from 
a morphologic point of view because at operation or at 
autopsy the pancreas was directly inspected. There 
were 62 patients who had edematous pancreatitis; all 
of whom had the acute form. There were 31 patients 
with necrotizing pancreatitis; 19 of them with the acute 
and 12 with the chronic forms. There were nine patients 
with acute hemorrhagic pancreatitis and there were 39 
patients with chronic fibrous pancreatitis. Analysis of 
the cases in which this morphologic categorization was 
possible suggests that most patients with edematous 
pancreatitis who required operation survived (92%). 
When necrotizing or hemorrhagic pancreatitis was 
encountered, there was a much higher operative mor- 
tality, 39 and 55% respectively. It was interesting that, 
as noted in other series,” there were no survivors 
in the severe forms of pancreatitis, necrotizing or 
hemorrhagic when they were treated without opera- 
tion. However, there were a number of patients with 
acute pancreatitis who recovered and left the hospital 
without having their pancreas ever inspected and 
although one assumes that they most likely had the 
edematous form, it is impossible to ascertain that they 
did not have necrotizing or hemorrhagic pancreatitis. 
Therefore, the conclusions presented above in refer- 
ence to the morphologic categorization of pancreatitis, 
particularly in the acute form, are only applicable in a 
retrospective manner to those patients who had been 
operated on. 

Patients seen by surgeons because of pancreatitis 
and its complications continue to be a diagnostic and 
therapeutic challenge. Categorization of the disease 
according to its acuteness and chronicity, its cause 
when possible, and to its morphologic characteristics 
appears to offer the best approach to attempt to specifi- 
cally identify the indications for surgical treatment. 

Patients suffering from pancreatitis, when observed 
over long periods of time, still have a high overall 
mortality regardless of the modality of treatment em- 
ployed. It was 10.7% in patients with acute pancreatitis 


DISCUSSION 


Dr. JoHN H. C. RANSON (New York, New York): The authors 
have classified their experience with pancreatic inflammatory disease 
into etiologic groups, into acute and chronic pancreatitis, and by 
morphologic groups, which are edematous, necrotizing, hemor- 
rhagic, and fibrosing. I agree very strongly with Dr. Aldrete that 
we badly need a rational classification for the various disease 
entities that are presently grouped together under the term 
‘pancreatitis. `` 
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and 24.7% in those with chronic pancreatitis. To 
enhance the effectiveness of surgical treatment, the 
indications for operation in both the acute and chronic 
forms of pancreatitis should be based on highly specific 
objectives to correct the pathological coexisting condi- 
tions, or those resulting from anatomic deformities 
produced by the pathologic changes in the pancreas, 
when these abnormalities are amenable to surgical 
correction. 
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Unfortunately, the traditional morphologic grouping, into 
edematous, hemorrhagic, and necrotizing disease, may have 
a number of problems. First, pancreatitis is not a static disease. 
What appears to be edematous pancreatitis today may be clearly 
necrotizing when an abscess develops two weeks later. 

Second, when a surgeon encounters pancreatitis at operation, 
it is almost always bad pancreatitis. If he can emphasize this by 
adding the terms ""hemorrhagic'' or “necrotizing, ` he will often do 
so. My point is, simply, that is a number of cases the gross finding 
may be subject to differing interpretations. 
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Third, this classification can be applied only to those patients 
who come to operation or autopsy, and therefore cannot be applied 
to patients who recover following nonoperative treatment. In Dr. 
Aldrete's series, it is observed that the only patients with hemor- 
rhagic pancreatitis who survived were those who underwent 
operation. Since pancreatic hemorrhage was only diagnosed by 
operation or by autopsy, this would clearly be the case. 

I note that a significant proportion of patients classified as having 
necrotizing pancreatitis were in the chronic pancreatitis group. 
Since obvious peripancreatic necrosis has not, in our experience, 
usually been a feature of chronic. pancreatitis, I'd like first to ask 
Dr. Aldrete how necrotizing paricreatitis was defined. 

My second question concerns the management of acute pan- 
creatitis. The authors report that the mortality in patients under- 
going emergency operation was high. This is certainly in accordance 
with our own experience, where early laparotomy increased 
morbidity and mortality by a factor of about three. One of the 
indications for early laparotomy has been failure to respond to non- 
operative therapy. As we reported to this Association two years ago, 
the use of percutaneous peritoneal lavage has just about abolished 
this particular indication for early operation in our institution, 
although we have not been able to demonstrate any improve- 
ment in the overall survival. 

My second question is, therefore, to ask Dr. Aldrete whether 
he has any experience with the use of peritoneal lavage in his 
patients. 


Dr. HuNTER H. McGuire, Jr. (Richmond, Virginia): Dr. 
Aldrete's abundant data add strong support to our belief that im- 
mediate surgery does not help severe acute pancreatitis. Reports 
by Hollender, Eisman and others, however, have led some of us 
to still wonder whether immediate total pancreatectomy might 
save otherwise fatal pancreatitis. A month ago I tested this 
hypothesis. 

Our patient was an alcoholic with no blood pressure, temperature 
34°, calcium 8 mg/dl, twice normal WBC and BUN but normal 
Po,. Warming, ventilation, dopamine, and 7.5 liters of fluids 
restored urine output, systolic pressure to 80 mmttg and pulmonary 
wedge to 19 mm. In 12 hours, however, his circulation failed again, 
so we took him to surgery hoping to find a diagnosis other than 
pancreatitis. The severity of his disease was proven by cardiac arrest 
as we opened his abdomen. 

The pancreas was pale, boggy and ecchymotic. As I exposed it, 
heartbeat returned, but believing any other therapy hopeless, I pro- 
ceeded to test the surgical hypothesis by removing his entire gland. 
Splenic vein, spleen, duodenum and common duct were preserved 
with about 2 g of pancreatic tissue left tucked between duct and 
duodenum. Histologic examination showed broad areas of necrosis 
and interstitial hemorrhage. He left the operating room much im- 
proved, sustaining blood pressure 100/60 and cardiac output 8 
L/minute, but four hours later his peripheral resistance again failed. 
He died of pulmonary edema and generalized anasarca nine hours 
after pancreatectomy. 
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This experience proves that what needs to be removed from 
lethal pancreatitis is not necrotic pancreas but free-fatty acid 
releasers, kinin-forming and proteolytic enzymes. They are best 
removed by peritoneal dialysis. Emergency pancreatectomy does 
not cure the vascular disorder which causes early death in acute 


pancreatitis. " 


DR. ROBERT ZEPPA (Miami, Florida): I have nothing to add to 
considerations about early operation in pancreatitis, and I must 
say that we would subscribe more to Dr. Ranson's approach con- 
cerning this. Our experience is reasonably large. In 1978, we ad- 
mitted 298 patients, and that's about the average for the last ten 
years. So right now we're approaching close to 3000 patients. — 

One of the things that was not clear to me from the presentation 
was whether or not the biliary tract surgery was being performed 
in the face of àcute pancreatitis for the purposes of relieving 
something going on at the time; that is, hyperamylasemia, abdominal 
pain, fever, and what have you—or whether, in fact, these people 
had gotten over their pancreatitis very quickly, and during that same 
hospitalization, the tenth day or so after admission, you relieved 
the biliary tract obstruction, or took out the gallbladder, Those 
are two entirely different concepts in the approach to pancreatitis. 


Dr. JOAQUIN S. ALDRETE (Closing discussion): Each of the 
discussants enhanced some important points that we tried to com- 
municate to you in this paper, but because of the time limitation, 
did not come clear in the presentation. 

In response to Dr. Ranson’s questions: Yes, we were surprised 
there were that many cases of the necrotizing form in the group 
with chronic pancreatitis. The criteria used for such categorization 
was when the pancreas had ruptured its capsule and the necrotic 
pancreatic tissue usually had to be "scooped"' out of thé abdomen. 
When the intrapancreatic vessels appeared ruptured, resulting in 
hemorrhage, the pancreatitis was then classified as hemorrhagic. 

We have had limited experience with your method of peritoneal 
lavage and are in the process of evaluating it. Thus far, wé have the 
impression that some patients benefited from it. 

Dr. McGuire's case clearly exemplifies the problems one is 
confronted with when major resective procedures have to be used 
to treat patients with severe necrotizing or hemorrhagic pan- 
creatitis. 

Dr. Zeppa baffled us all with his tremendous experience with 
such a large number of pancreatitis cases. It appears to be the 
case in our institution also, that in the last two years we have seen 
many more cases of pancreatitis than in the preceding ten years 
covered by our study, but they are not 3000 yet. 

Your question is very pertinent and I apologize for not making 
it clear in my presentation. In about 80% of the cases, the operations 
to correct the disease of the biliary tract encountered ín the patients 
with acute pancreatitis were done electively after the acute attack 
had subsided. In 20%, they were done as an urgent opération. As men- 
tioned, in the urgent group, the operative mortality was as high as 5092. 


The Surgical Management of Bleeding Stress Ulcers 


JOHN P. HUBERT. JR., M.D., PAUL D. KIERNAN, M.D., JOHN S. WELCH, M.D., WILLIAM H. REMINE, M.D., 


OLIVER H. BEAHRS, M.D. 


The series included 52 patients with acute bleeding stress ulcers 
of the stomach and duodenum seen at the Mayo Clinic during a 
25-year period. All patients underwent operation for control of 
massive bleeding that was unresponsive to intensive medical 
therapy. All ulcers were superficial and occurred during 
clinically stressful circumstances. No patient had a history or 
findings suggestive of pre-existing peptic ulcer disease or 
imbibation of ulcerogenic substances. Overall operative mor- 
tality was 54%, and this rate seemed to be related to multiple 
factors acting together; patients with multiple predisposing 
stress factors and those requiring large transfusion volumes 
(greater than 17 total units) were at greatest risk of death. F ifty- 
two patients underwent 60 operative procedures fer control of 
hemorrhage. Of the 60 procedures, 23 (38%) failed to prevent 
rebleeding. Of the 28 patients who died, six (21%) died of 
hemorrhage and five (18%) died of hemorrhage as one of many 
contributing factors. Of eight different procedures performed, 
near-total to total gastrectomy was the single procedure that 
was most effective in controlling hemorrhage. The authors 
support the selection of rapid intervention and generous 
extirpative surgery once intensive medical measures fail to 
control hemorrhage. 


CUTE HEMORRHAGIC GASTROINTESTINAL ulcers 
A have long been known to complicate a number of 
stressful clinical situations. Von Eiselberg^ in 1899, 
Billroth! in 1867, Nitzsche” in 1902, and Silver? in 1925 
described patients who had acute gastroduodenal 
erosions that caused hemorrhage after operation. Well 
known are the reports of Curling? (1842), Cushing” 
(1932), and Fogelman and Garvey" (1966), who 
described similar erosions associated with thermal 
burn, central nervous system trauma, and sepsis. 
Penner and Bernheim,” Selye,” and others??? 
have postulated a number of mechanisms for the 
development of lesions in response to stress (for 
example, mucosal ischemia,??"? bile refiux,? and acid 
hypersecretion?*??), 

Stress ulcers almost always are small and superficial, 
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rarely penetrating deeper than the submucosa, and are 
without evidence of chronicity (for example, no indura- 
tion or fibrosis). They may be single or multiple and 
generally are located in the stomach or duodenum or 
both. Various predisposing stress factors classically 
precede the clinical setting of stress-induced ulceration. 
However, it is important to exclude patients with pre- 
existing peptic ulcer disease or those with bleeding re- 
sulting from the ingestion of ulcerogenic drugs (for 
example, aspirin, indomethacin, and alcohol). Present 
evidence suggests that these conditions are separate 
clinical and pathologic entities. 

When given the choice, few would disagree that 
medical management is the preferred method of dealing 
with these ulcers. Unfortunately, medical therapy is 
not always successful, and surgery becomes necessary. 
However, the appropriate surgical treatment of hemor- 
rhagic, stress-related ulcers remains controversial. 
While advocating the merits of several different surgi- 
cal modalities. numerous authors have presented con- 
flicting results.*:9:10.11.14.17.18.20.22.25.26,51.34 Unfortunately, 
a high mortality (40-60%) has prevailed, regardless 
of the type of operation reported. Because of these uni- 
versally poor results, the authors present what they 
hope is a unique approach to this dreaded problem. Ac- 
cordingly, the objectives of this study were threefold. 
The first objective was to identify and examine the 
several factors (other than choice of operation) that may 
affect the unacceptably high mortality rates reported, 
such as the effects of 1) the number of stressful factors 
present prior to the onset of bleeding, 2) the total vol- 
ume of blood replaced, 3) the efficacy of any single oper- 
ation to control bleeding and prevent rebleeding, 4) res- 
piratory failure, and 5) reoperation. The second ob- 
jective was to identify potential criteria by which the 
ideal timing of surgery can be predicted. Thirdly, the 
authors wished to identifv, if possible, an operative 
procedure of choice when surgical intervention be- 
comes necessary. 
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TABLE 1. Predisposing Stress Factors Antedating 
Ulceration in 52 Patients 





Multiple Factor 


Single Factor Distribution 





Factor (24 pt, 46%) (28 pt, 54%) 
Postoperative state 12 (23%) 19 
Significant medical 

illness 5 (10%) 0 
Trauma 4 (8%) 2 
Respiratory failure 1 (<2%) 7 
Thermal injury 1 (<2%) l 
Central nervous 

system injury (<2%) 


l 
Renal failure 0 
Sepsis 0 
Steroid therapy 0 





Materials and Methods 


This retrospective review of the Mayo Clinic expe- 
rience covers a 25-year period involving patients who 
were surgically treated for acute, superficial gastro- 
duodenal erosions. From some 850 patients with acute 
gastroduodenal bleeding, 52 were identified. All bleed- 
ing occurred in association with a clinically stressful 
event. Of the 52 patients, 37 (71%) were males and 15 
(29%) were females. The mean age of the patients was 
58 years, with a range of 6 to 90 years. Patients with evi- 
dence of pre-existing peptic ulcer disease or of ulcero- 
genic drug use were excluded. 


Results 
Clinical Presentation of Bleeding 


Hemorrhage was first noted with hematemesis in 26 
patients (50%), with melena in 20 (39%), or with aspira- 
tion of blood per nasogastric tube in six (11%). No pa- 
tient had premonitory symptoms. Twenty-eight patients 
(54%) suffered from more than one predisposing stress 
factor at the time of the onset of bleeding (Table 1). 
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Preoperative Time Intervals 


The mean time from the onset of the predisposing 
factor(s) to the onset of bleeding was 19.0 days, with a 
range of 1—90 days. The mean interval from the onset 
of bleeding to the time of surgical intervention was 7.0 
days, with the range being from less than one day to 60 
days. 


Location of Ulceration 


Diagnostic endoscopy and arteriography were used 
in 23 (44.2%) and 6 (11.5%) patients, respectively. No 
special studies were done in the other 23 patients. Ra- 
diographic studies of the upper gastrointestinal tract 
were not routinely used. Endoscopy and surgery re- 
vealed ulcers in the stomach of 36 patients (69%), the 
duodenum of seven patients (14%), and both organs of 
9 patients (17%). 


Operations Performed 


Fifty-two patients underwent 60 operative proce- 
dures for control of hemorrhage. Surgery effectively 
controlled hemorrhage initially in all instances; how- 
ever, hemorrhage recurred in 23 (38%) of the 60 opera- 
tions performed. Six patients underwent one reopera- 
tion, and one patient underwent two reoperations, all 
for control of hemorrhage. Eight types of operative 
procedures were judged to be appropriate by various 
surgeons in the 60 instances in which surgical control 
of hemorrhage was undertaken. The types of operation 
performed, along with the efficacy of control of hemor- 
rhage, the ultimate mortality, and the mortality as 
attributable to recurrent hemorrhage. are shown in 
Table 2. 

Although the numbers are insufficient to make a valid 
comparison, the data suggest that generous resective 
techniques may be more effective in lowering the inci- 


TABLE 2. Operations and Results in Bleeding Stress Ulcer 
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Operations with 


Hemorrhage 


Types of Operations No. Control (4c) 


Deaths (28 pt) 





Reoperations No. (33 Procedures)* From Hemorrhage? 


qnem t a € Pág a ee i ee € E e E a ee 


Vagotomy and drainage procedure, 


suture ligation 21 12 (57) 
Suture ligation alone 11 6 £55 
Vagotomy, pyloroplasty 2 | (50) 
Proximal gastric vagotomy, 

suture ligation l | 
Excision of ulcer 2 2 
Vagotomy with resection 9 5 (56) 
Resection of 50-80% 9 6 (67) 
Gastrectomy of 95— 100% 5 58 (80-100) 


* The 33 procedures were associated with 28 deaths. 
* Attributable to hemorrhage. 


St 13 7 
0 6 ; 4 
0 | | 
0 0 0 
0 l 0 
0 3 3 
2 4 2 
0 5 0 


t One patient underwent reoperation twice. 
$ One patient rebled from other ulcerations of Behcet' s disease. 
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TABLE 3. Mean Total Units of Blood Transfused in Relation 
to Survival After Operation For Bleeding Stress Ulcer 








Units 
Operation For nonsurvivors For survivors 
Total gastrectomy 34 — 
Near-total gastrectomy 28* — 


Proximal gastric vagotomy 
with suture ligation 0 15 


Vagotomy and resection 41.7 19.3 
Subtotal resection 30.3 21.6 
Excision of ulcer 17 6 
Vagotomy, pyloroplasty 30 16 
Suture ligation alone 33.9 17.2 
Vagotomy, pyloroplasty, 

suture ligation 23 22.91 
Mean total 16.8 





* Includes one case of 9 units (if excluded, mean = 34 units). 
+ Includes one case of 69 units (if excluded, mean = 16.28 units). 


dence of recurrent bleeding. Simple excision of bleeding 
gastric ulcer(s), used in two instances, although ef- 
ficacious, was not generally applicable because exten- 
sive erosions usually existed. 

In five patients with total or near-total gastrectomy 
(95—100% resection), tissue examination revealed 
either diffuse hemorrhagic gastritis or multiple punctate 
erosions throughout the entire resected specimen. 
Near-total to total gastrectomy was required in order 
to excise or control all observed bleeding tissue. In 
these patients, the type of operation was preselected be- 
cause several of the choices would have been anatomi- 
cally insufficient. Similarly, patients in whom only 
one or two lesions were found frequently had a "less 
radical procedure performed. 

Only three of the eight procedures controlled the 
hemorrhage in more than 7546 of the patients on whom 


TABLE 4. Number of Predisposing Stress Factors in Relation to 
Nonsurvival After Operation For Bleeding Stress Ulcer 








Patients Deaths 
Single 

postoperative state 12 4 
significant medical 

illness 5 l 
trauma 4 2 
respiratory failure l l 
thermal injury l l 


central nervous 

system injury l l 

renal failure 0 0 

sepsis 0 0 

steroid therapy 0 0 
4 


2 10 (42%) 
Multiple 
two of above 25 15 (60%) 
three of above 3 3 (100%) 
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they were performed. One of the three procedures was 
proximal gastric vagotomy with suture ligation (used in 
one instance). Although bleeding was controlled in this 
patient, it seems logical to expect no greater success 
from proximal vagotomy than from truncal vagotomy. 
If this one patient is included with the patients who had 
vagotomy-drainage and suture ligation, the grouped 
procedures were effective in controlling hemorrhage in 
only 59% of patients, and 50% of that mortality is at- 
tributable to recurrent hemorrhage. 


Transfusion Volumes 


The mean number of units of blood transfused was 
11.2 units preoperatively, 6.4 units intraoperatively, 
and 7.6 units postoperatively (25.2 units total). 


Mean Total Transfusion Volume Correlated With 
Mortality 


Ananalysis of the operations and the average number 
of units of blood transfused in each patient revealed a 
significant difference in survival. Irrespective of opera- 
tion, patients who died had received a greater mean to- 
tal volume of blood than those who lived (Table 3). The 
mean number of transfusion units was 16.8 for patients 
who lived and 59.1 for those who died. There was no 
significant difference between survivors and nonsur- 
vivors in relation to number of units transfused preop- 
eratively. Similarly, no evidence could be found to sug- 
gest that preoperative rate of blood loss exceeded rate 
of replacement as estimated by hemodynamic stability 
and recorded blood replacement. If the two surviving 
patients who required reoperation for recurrent bleed- 
ing are excluded, the rate for those who lived is even 
lower— 15 units. 


Stress Factors 


Stress factors correlated with choice of operation. 
The selection of operation and its potential relationship 
to predisposing stress factors were analyzed. Relative 
to all eight categories of operation, between 50 and 60% 
of the patients had multiple predisposing stress factors. 
No evidence suggested that any one operation was se- 
lected or rejected on the basis of either number or type 
of predisposing stress factor(s). 

Stress factors correlated with mortality. Twenty-eight 
(54%) of the patients had multiple predisposing stress 
factors (Table 1). In general, the group with more than 
one predisposing stress factor had a higher mortality 
rate (Table 4). Ten (42%) of 24 patients with one predis- 
posing stress factor died, 15 (60.0%) of 25 patients with 
two recognized predisposing stress factors died, and 
three (100%) of three patients with three predisposing 
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stress factors died. When this was analyzed solely by 
patient age, no differences in operative survival were 
noted. 


Recurrent Bleeding Correlated With Mortality 


Of the 52 patients at risk, 28 (54%) died. Of 11 patients 
who died of bleeding, six (21%) died as a direct result 
of recurrent hemorrhage, and five patients (18%) died 
with bleeding as a significant contributing factor (among 
multiple causes of death). Thus, recurrent hemorrhage 
seemed to be a significant factor in 11 (39%) of the 28 
deaths (Table 5). 


Respiratory Failure Correlated With Mortality 


Respiratory failure alone seemed to be responsible 
for five (18%) of the postoperative deaths. Either alone 
or as one of multiple factors, respiratory failure led to 
the death of 13 (46%) patients (Table 5). Although also a 
dangerous predisposing stress factor, respiratory fail- 
ure may become an even greater threat when it develops 
after surgical intervention. 


Reoperation Correlated With Mortality 


The outcome after reoperation for recurrent bleeding 
was not favorable. Of seven patients who had reopera- 
tion, five died. The primary causes of death were respi- 
ratory failure in two, septic shock in one, respiratory 
and renal failure in one, and recurrent bleeding in one. 
Of the two survivors, one required resuturing of a 
bleeding point after subtotal gastrectomy, and the 
second responded to subtotal gastrectomy after the pre- 
vious vagotomy, pyloroplasty, and suturing of the 
bleeding point. 


Discussion 


Patients with bleeding stress ulcers that are not 
promptly controlled by vigorous nonoperative means 
are at high surgical risk. Past reports have emphasized 
prophylaxis as the best plan of management for patients 
in whom stress ulcers are likely to develop. We agree 
and emphasize strongly the value of intensive medical 
management of these patients. Numerous reports have 
elucidated the advantages of vigorous antacid adminis- 
tration.!*7?5!^! Patients subject to stress ulceration are 
often not hypersecretors of hydrochloric acid and pep- 
sin; however, the gastroduodenal mucosa can be pro- 
tected by maintaining intragastric neutrality. The recent 
addition of cimetidine (this was not available for most 
patients in our series) should significantly improve pro- 
phylaxis against stress ulceration.??-!* However, a few 
patients probably will not be protected from ulceration 
and will hemorrhage despite all efforts. 
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TABLE 5. Apparent Causes of Postsurgical Deaths of Patients 
Undergoing Operation for Bleeding Stress Ulcer 





Significant 
Single Multiple Total 
Cause No. Jo* No. %* No. J* 
Recurrent hemorrhage 6 21 5 18 11 39 
Respiratory failure 3 18 8 29 13 46 
Sepsis 2 7 6 21 8 29 
Renal failure l 4 8 29 9 32 
Myocardial infarction l 4 0 0 l 4 
Multiple 13 46 





* Per cent based on 28 deaths. 


When gastroduodenal stress ulceration occurs and 
when hemorrhage is of such magnitude that surgery is 
required, the associated mortality rate generally ranges 
between 40 and 50.%™ Our statistics are in agreement, 
in that 28 (54%) of our patients so afflicted died. 

Little evidence has been presented in previous re- 
views which might help elucidate the factors associated 
with and potentially responsible for this high mortality 
rate. Most past reports have correlated the choice of 
operation alone with the mortality rate. However, our 
data suggest that the unacceptably high mortality rate 
reported here is related to multiple factors operating in 
concert. 7 

Among factors identified and thought to be contrib- 
utory to mortality in this disease are 1) patients with 
multiple predisposing causes for the development of 
stress ulcer, as they are at greater risk of dying than are 
those with a single predisposing stress factor (Table 4); 
2) patients whose need for total blood replacement is 
17 units or more, as they are much less likely to survive 
than are those whose need for blood replacement is 17 
units or less, regardless of type of operation performed 
(Table 3); 3) patients with continued or recurrent hem- 
orrhage, as they face an increased risk; 4) patients 
with respiratory failure, as they are at a greater risk of 
dying than are those with such single stress factors as 
sepsis, renal failure, or myocardial infarction (Table 5); 
and 5) patients who undergo reoperation after initial 
surgery, as they are at an increased risk of dying. 

Several criteria have been identified which appear to 
aid in the appropriate timing of surgical intervention. 
The first is that a likelihood of extensive transfusion re- 
quirements mandates early operative intervention. Per- 
haps then the volume of blood replacement should be 
considered in a predictive way. For example, if a sur- 
geon recognizes that the intraoperative blood replace- 
ment may be 6 units (as occurred on an average in this 
study) and if the probability of survival is improved 
when the patient requires and receives a total of 17 units 
or less, operation should be urgently considered before 
the preoperative replacement nears the differe 
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TABLE 6. Summary of Previously Reported Results After Surgical 
Management of Bleeding Stress Ulcers 








Patients 
Rebleeding Reoperated Died 
Procedure Total (%) (%) (%) 
Vagotomy- 
pyloroplasty 274 36 11 32 
Resection alone 
(before 1960) 21 70 33 43 
Resection alone 
(after 1960) 123 40 11 45 
Vagotomy-resection 106 11 4 33 
Total gastrectomy 11 0 0 18 





Modified from Cody, H. S., III and Wichern, W. A., Jr.: Choice 
of Operation for Acute Gastric Mucosal Hemorrhage: Report of 
36 Cases and Review of Literature. Am. J. Surg., 134:322, 1977. 
(By permission of Technical Publishing Co., Division of Dun-Don- 
nelley Publishing Corporation.) 


these two figures, that is, 17 minus 6, or 11 units. In fact, 
we urge that this decision be made when the preopera- 
tive blood replacement volume reaches five or six units. 
The second is that patients with multiple predisposing 
factors to stress ulceration have higher mortality rates 
regardless of type of operation performed, and the sur- 
geon is advised to consider operative intervention more 
urgently when the clinical situation already involves 
multiple organ system failure and very high risk. This is 
particularly important because the extensive trans- 
fusion of blood, as wellas the operative procedure, may 
act as additional stress factors. The third is that mor- 
tality is higher for patients whose multiple stresses in- 
clude sigriificant postoperative respiratory failure, and 
it would seem reasonable that the surgical decision be 
made even sooner when respiratory failure is present 
preoperatively. 

Because mortality correlates better with the severity 
of a patient's general condition than with the type of 
operation performed, knowledge of associated mor- 
tality should not be either the sole or the major criterion 
for identifying the operative procedure of choice in this 
disease. For example, each patient in whom near-total 
or total gastrectomy was employed was severely ill, and 
death seemed to be related more to the general status of 
the patient (and the multiple stress factors present) at 
the time of operation than to the type of operation em- 
ployed. In two of the five instances in which either near- 
total or total gastrectomy was selected, prior proce- 
dures had failed to control the bleeding. Because opera- 
tion is performed to control hemorrhage, and yet as 
many as 40% of the deaths in our series seemed to be 
attributable either to continued or to recurrent hemor- 
rhage, we submit that the operation should be selected 
on the basis of which procedure best controls bleeding. 
Using this criterion, we support the performance of 
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more radical surgery, in spite of the high mortality rate 
incurred in our series. In support of this concept is the 
fact that 1) none of the five patients who underwent 
near-total to total gastrectomy either developed or died 
of complications technically related to the extent of the 
resection, and 2) others have reported mortality rates 
lower than ours with near-total to total gastrectomy, as 
well as effective control of hemorrhage and rebleeding 
(Table 6). Recall that our experience, except for two pa- 
tients in whom local excision was adequate, revealed 
that near-total to total gastrectomy was the single 
procedure most effective in controlling hemorrhage 
(Table 2). 

In summary, mortality for this disease seems to be re- 
lated to the several factors outlined rather than to 
simply the choice of operation. Second, the presence of 
respiratory failure, multiple predisposing factors to 
stress ulceration, and the likelihood of extensive trans- 
fusion requirements mandate early operative inter- 
vention. Third, because near-total to total gastrectomy 
is the procedure most effective in controlling hemor- 
rhage and is applicable to most situations, it is the op- 
erative procedure of choice when surgical intervention 
becomes necessary. 
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DISCUSSION 


Dr. J. LYNwooD HERRINGTON, JR. (Nashville, Tennessee): The 
surgical management of stress ulcerations has always presented a 
formidable problem. All too often, in spite of which operation we do, 
the mortality remains extremely high. In Dr. ReMine's series, 
remember, 28 of 52 patients died, and of these 28 almost 40% died 
from rebleeding, or rebleeding was a major contributing factor 
causing death. 

Although the authors emphasize the importance of an early opera- 
tion, over 11 units of blood were given, on an average, to each 
patient preoperatively. The added insult of numerous preoperative 
transfusions, although not affecting survival in the present series, 
is bound to increase the magnitude of the coexisting stress factors. 
It has been our policy in such cases to operate on patients when 
they continue to bleed after requiring three or four units over a short 
period of time. 

I was very happy to hear that Dr. ReMine prefers an operation of 
greater magnitude than simply vagotomy and a pyloroplasty in these 
cases. When confronted with the bleeding patient who presents with 
a single stress factor, as an intra-abdominal abscess, or a moderate 
respiratory problem, we usually perform a truncal vagotomy com- 
bined with a 60-75% distal resection. If no ulcerations are present 
in the fundus, high, or if the fundic mucosa blanches or stops 
bleeding after the truncal vagotomy, that we are able to observe 
through the generous gastrotomy incision, then we do not remove 
further stomach. 

However, when multiple stress factors are involved in the 
desperately ill patient, an operation of greater magnitude is chosen 
as truncal vagotomy, with a 90% resection or more. We prefer to 
leave a small cuff of the gastric cardia to sew, because these patients 
are poor suture-line healers, and may develop a leak if the esophagus 
is used for the anastomosis. 

Fortunately, we have been confronted with performing such an 
operation on only a few patients, but my results in a series with 
vagotomy and drainage to control this problem have not been 
satisfactory at all, because many of them have rebled. I am among 
those who feel that the type of operation does not have a great 


. bearing on mortality. It is the associated disease and the associated 


problems that Dr. ReMine referred to that cause the patient's death. 
Also, it seems logical to assume that an operation which removes 
an extensive amount of the gastric mucosal area should be more 
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effective in controlling bleeding than vagotomy and simple drainage, 
and I think everyone agrees that a truncal vagotomy is an integral 
part of the operation, for reasons that are apparent to all. 

Dr. ReMine, are you still seeing stress ulcerations on your service? 
I can't remember operating on a patient in the past few years since we 
have been using vigorous antacid treatment along with cimetidine in 
our higher-risk postoperative patients. 

Also, I noticed that you treated one of your patients with a proximal 
gastric vagotomy for stress ulceration, and how do you feel about 
that operation in this type of a circumstance? 


DR. GEORGE L. JORDAN (Houston, Texas): This is óbviously a 
problem we all do have to worry about, even though it is, as these 
statistics show, quite rare. I reviewed a six-year éxperience in 
our own hospital. We treat many patients with trauma there. These 
patients have been subjected to stress in personal relationships, or 
by alcohol abuse, or with guns, and their wounds are frequently 
followed by sepsis, so that we have many diverse factors to con- 
sider in these cases. But, still, we have very few who come to 
surgery for bleeding stress ulceration. 

Our experience has ranged from one to a maximum of seven pa- 
tients per year; in 1978, we had only two patients who came to sur- 
gery. Thus, although each case is very traumatic to the surgeon 
in itself, the number that we treat is really relatively small, because 
most patients do respond to medical therapy. I would like to ask 
the authors: What is their total experience with the disease? That 
is, how many patients are treated medically and what percentages 
of them do they feel must come to surgery? 

The present emphasis in the literature is on prevention, and, 
as Dr. Herrington mentioned, there are those who feel that the in- 
cidence has decreased because of the use of cimetidine and more 
regular use of antacids for prevention. In our institution there has 
been no significant change. It's always been small, but it has not been 
reduced, though we do use these agents. We use it in highly selected 
patients, however. Again, I would like to know how often do you 
try to use preventive measures in patients that you feel have under- 
gone stress, and what is your program for prevention at the present 
time? 

In the series, as you may have noticed from the slide, some pa- 
tients were treated by simple ligation, and 50% of those patients did 
reasonably well. They did not mention endoscopy for control of bleed- 
ing. Some of these are small, and a relatively few, superficial ul- 
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cerations bleed quite actively. There has been some suggestion that 
some of these might be treated by endoscopy, and surgery avoided 
in that way. 

I agree with the timing of surgery, and the need to operate before 
too much blood is given. Our own mortality rate is similar to that 
reported here, as is most everyone else's. However, | can't agree 
that I would go immediately to total gastrectomy, and I cannot agree 
that vagotomy and a 60% resection has been any better in our hands 
than vagotomy and pyloroplasty. They both have been followed 
by rebleeding. 

We have used total gastrectomy, and just for those of you who 
haven't been caught in this situation where you've got the stomach 
out, and you didn't feel the patient could live long enough for you 
to do anything else about it, we have on one or two occasions 
simply put a tube in the duodenal stump and a tube in the esophagus 
and brought them out, to get a surviving patient at that time, and 
then performed the reconstruction of the g.i. tract at a later time, 
with survival. 

So that these are difficult patients, and I think each one has to be 
managed individually, since we don't have enough experience to 
really arrive at statistical conclusions concerning the particular 
procedures to be used. 


DR. JAMES C. THOMPSON (Galveston, Texas): I’m surprised, in a 
way, to see this paper on the program. I have studied assiduously 
the epidemiology of stress ulcer, and I was under the impression 
that the incidence of massive bleeding from stress ulcer has greatly 
diminished in recent years. On a recent tour on a Study Section, 
we approved several clinical and laboratory studies on stress 
ulceration. The basic studies proceeded forthwith, but the clinical 
ones, which were designed to test the effects of prophylactic use 
of cimetidine and antacids— these studies foundered because of lack 
of patients. 

I have been interested in diffuse mucosal hemorrhage and stress 
ulceration for several years, but we have had to abandon prospec- 
tive studies because of lack of patients who bled severely. 

Now, I do know that there have been some studies recently 
on the efficacy of cimetidine in preventing stress bleeding in burn 
patients, but even in that group, there is a profound decrease. In 
our own Shrines Burns Hospital we have almost eradicated major 
stress ulceration since the procedure of regular feeding these 
patients by gastric tube was adopted several years ago by Dr. Sally 
Abston. 

The basic lesion in stress ulceration is an injury to the apical 
membrane of the gastric epithelium allowing for back-diffusion of 
acid, and the reason that this apical membrane is injured appears 
to be related to energy stores. And it is my idea that as a by-product 
of our great emphasis on total parenteral nutrition in severely 
injured patients, we now provide energy, and we do protect the 
integrity of the membrane. An aggressive approach to sepsis is of 
further help in preventing this severe lesion. 

I would like to ask Dr. ReMine if he could tell us, of the 52 patients, 
how many they have seen since 1975. 

Now, if you do have to operate, it seems to me that the best 
preoperative information is garnered by use of the fiberoptic 
endoscope. On two occasions we have looked and seen that the 
entire gastric mucosa was necrotic. In both instances we have elected 
not to operate. In both instances, the necrosis was due to the ingestion 
of caustic agents, we later found out, and the gastric epithelium 
regenerated. 

I suspect that if you have to operate, and you find that there are 
discrete lesions, you might do a vagotomy and pyloroplasty, and 
suture ligation of the discrete bleeding lesions. If not, I would cer- 
tainly agree that if you are going to operate on them, you probably 
ought to take out as much of the bleeding mucosa as you can; but 
I would agree with Dr. Herrington that if you do an extensive 
operation, it is certainly important to leave a cuff on the fundus to 
sew to, because the esophagus in these patients is little better than 
wet Kleenex. 


DR. J. W. WILLIAMSON (Jackson, Mississippi): We at the Univer- 
sity of Mississippi would agree that survival of the patient is often 
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affected by multiple factors other than the stress ulcer bleeding 
per se. In the majority of patients, sepsis plays a major role. 

For the prevention and management of stress ulcer bleeding, we - 
have adopted a more or less standard approach. First, the critically 
ill patient, who often has some element of sepsis, is treated pro- 
phylactically with both antacids and cimetidine. If bleeding does 
occur, initial management includes the addition of gastric lavage 
with iced saline solution, and endoscopy, if feasible. But if bleeding 
persists and is substantial, selective arteriography is performed. The 
purpose of the arteriography is, first, to identify the site of bleeding, 
and, second, to permit gel foam embolization. If gel foam emboliza- 
tion is not successful in controlling the bleeding, or if the precise 
site of bleeding is not identified, a selective arterial catheter is left 
in place for the continuous infusion of pitressin. 

If all nonoperative measures fail and operation becomes manda- 
tory, we prefer a liberal subtotal distal Billroth II gastric resection, 
plus bilateral truncal vagotomy. Unfortunately, although the stress 
ulcer bleeding may be successfully controlled by one means or an- 
other, the patient may still die from his original illness. 

In recent months we have been successful in gel foam emboli- 
zation control of stress ulcer bleeding in three patients. Dr. Rebecca 
Harrell of our Radiology Department is in immediate charge of these 
procedures. 

(slide) In this first slide is shown the extravasation of medium into 
the stomach from the bleeding left gastric artery. 

(slide) In this slide, from the repeat arteriogram, after gel foam 
embolization, there is no extravasation of the radiopaque medium. 
This patient exhibited no further stress ulcer bleeding. 


DR. J. P. HUBERT (Closing discussion): Regarding Dr. Herrington's 
remarks which he outlined so well: in the past, evidence of the 
severity of this disease has indeed been accumulated without 
appropriate elucidation of factors, other than operation employed, 
which might account for the high mortality rates reported. We suggest 
a few such factors. Recall that several factors have been identified 
other than choice of operation which appear to operate in concert 
to adversely affect the mortality rate we reported. 

The first was that patients with multiple predisposing stress factors 
preceding bleeding onset were definitely at increased risk of dying. 
Second, total blood replacement volumes exceeding 17 total units 
also subjected patients to greatly increased risk of death. In addition, 
continued or recurrent hemorrhage, or associated respiratory 
failure, or the need for reoperation also predisposed to high mortality. 

Relative to improving the outcome of these patients, several 
criteria have been identified here today, which should aid in pre- 
dicting the appropriate timing of surgical intervention. The first 
is that early operation is suggested when preoperative blood re- 
placement reaches six units, and urged when it reaches 11 units. 
Recall the intraoperative blood replacement averaged six units in this 
study, and the overwhelming majority of deaths occurred among 
patients receiving a total of 17 units or more. Early operation is 
also suggested when multiple predisposing stress factors are present, 
and may be indicated when respiratory failure is present pre- 
operatively. 

Dr. Jordan, we expected heated discussion regarding our endorse- 
ment of an operation associated with 100% mortality rate. Let me 
describe our rationale in that regard. 

Since 40% of the deaths seemed attributable either to continued 
or recurrent hemorrhage, it would seem logical and theoretically 
attractive that choice of operation be made on the basis of which 
procedure best controls bleeding, once it has been established that 
the bleeding has not responded to conservative medical management. 
To this extent, and in spite ofthe high mortality incurred in our series, 
we support, for the following four reasons, near-total to total 
gastrectomy as the procedure of choice in most instances, 
but not in all: 

First, none of the patients who underwent this procedure 
either developed or died of complications technically related to the 
extent of the resection, yet in two of those five instances previous 
lesser procedures had failed. 

Second, near-total to total gastrectomy was the single procedure 
both applicable to the majority of situations encountered and yet 
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truly dependable in controlling the hemorrhage for which it was 
performed. This was not the case with the other operations discussed. 

Third, as can be seen in the 1977 American Journal of Surgery 
report of 36 cases and review of the literature modified from Cody 
et al., total gastrectomy was associated with the lowest mortality 
rate (18%) among a group of four other operations, including 
vagotomy and pyloroplasty, resection alone, and resection with 
vagotomy. Indeed, not only was it associated with the lowest 
mortality rate reported, but it also was associated with a zero per 
cent rate of rebleeding. While our series of total gastrectomies also 
was associated with no rebleeding, the operation seems to have been 
applied too late or to the “‘sickest’’ patients in our series or both, 
thus the high mortality rate. 

Last, our subsequent experience seems to have borne out our 
impressions, and that suggested by a review of the literature. 
Failing medical management, three additional patients have been 
treated for acute bleeding stress ulcers at our institution in the past 
year despite the use of prophylactic cimetidine. In all three, near- 
total or total gastrectomy was performed and hemorrhage was 
controlled. No rebleeding occurred, and no operative mortality 
was incurred. All of those patients were alive and well at follow-up 
of one month's time or hospital dismissal. 

Time does not permit us to answer all of the questions raised, 
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however, in response to the questions regarding the importance of 
prophylaxis and the medical management employed at our institu- 
tion; we would certainly agree with the many reports, including 
that of Hitchcock et al., stressing the efficacy of prophylaxis and 
medical management, including the use of cimetidine in these pa- 
tients. The nonoperative management, clearly successful in the 
majority of patients at our institution, includes: frequent application 
of iced saline lavage through a large-bore gastric tube, vigorous use 
of antacid administration, and in the past two years, prophylactic 
as well as definitive use of cimetidine with careful monitoring of 
intragastric pH once bleeding has ceased. We have not employed 
selective vasopressin infusion routinely but have used it only rarely 
in cases where a discrete localized lesion was evident by endo- 
scopic evaluation. ! 

Unfortunately, despite reports which suggest that this entity is 
decreasing in incidence because of the excellent prophylaxis and 
medical management now available, we are still seeing patients who 
continue to massively hemorrhage (albeit a small percentage) 
after being treated with cimetidine. It is perhaps this select group, 
the group of 52 patients presented today, entirely refractory to the 
most aggressive nonoperative management, who are in greatest 
need of a totally effective surgical procedure for the control of hemor- 
rhage and the prevention of rebleeding. 


Intraoperative Gastrointestinal Endoscopy 


TALMADGE A. BOWDEN, JR., M.D., VENDIE H. HOOKS, III, M.D., ARLIE R. MANSBERGER, JR., M.D. 


A four year experience with the adaptation of the flexible fiber- 
optic endoscope to the intraoperative environment is presented 
in 30 patients. The technique of intraoperative endoscopy was 
utilized in a wide variety of difficult gastrointestinal surgical 
problems to include the location of the site and cause of bleeding 
of obscure etiology; resolution of intraoperative dilemmas 
without the necessity of opening abdominal viscera; resection 
of lesions during operations conducted for other pathological 
processes; and enhancement of diagnosis at laparotomy. There 
were no complications from the use of intraoperative endoscopy 
and the technique was beneficial in 28 of the 30 patients 
(93.3%). Limiting factors in the full utilization of the endoscope 
at celiotomy were dense adhesions with a shortened mesentery 
and massive hemorrhage with blood obscuring the intestinal 
lumen. 


N 1958 HIRSCHOWITZ introduced the first clinically 
I useful flexible fiberoptic endoscope. During the 
20-year period since that time the mechanical and 
optical sophistication of the instruments has progressed 
to the point that the modern day endoscope can be used 
with relative ease and safety. Conventional endoscopy 
has become an indispensible tool in the diagnosis and 
management of surgical and medical gastrointestinal 
disease. Adaptation of the endoscope to the intraopera- 
tive environment is in its infancy and only a few scat- 
tered references to the technique are in the literature. 
This paper will present our experience with the applica- 
tion of intraoperative endoscopy to a wide variety of 
gastrointestinal problems. 


Materials and Methods 


Since its inception five years ago over 2100 endo- 
scopic exams and procedures have been performed 
through the Surgical Endoscopy Unit at the Medical 
College of Georgia (Table 1). During the past four years 
30 of those examinations have been carried out in the 
operating room during celiotomy. 

Intraoperative endoscopy of the entire gastrointesti- 
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nal tract is most easily performed with the colonoscope. 
We use the 165 centimeter Olympus CFLB2® for all 
total examinations. The endoscope is prepared with 
either gas sterilization or with mechanical cleansing 
and soaking in an iodophor solution. After the abdomen 
is opened and generally explored, the endoscope is 
introduced orally. Cooperation is required from the 
anesthesiologist in the initial positioning of the endo- 
tracheal tube, monitoring devices, and bite blocks. 
After the endoscope enters the duodenum, the surgeon, 
first assistant and endoscopist work as a team gently 
advancing the instrument. When the duodenal C-loop 
has been traversed and the tip of the instrument 
arrives at the ligament of Treitz, the remainder of 
the examination is quite easy. A noncrushing occluding 
clamp is positioned at the ileocecal valve. Gentle 
manipulation in the advancement of the instrument 


avoids the production of small mucosal lesions. As . 


the endoscope is advanced, the endoscopist keeps the 
lumen in the center of the field. Adequate forward 
passage of the endoscope requires a ''push-pull" action 
by the first assistant and surgeon as the small bowel 
is telescoped over the instrument. 

After the endoscope reaches the terminal ileum the 
room lights are turned out and the scope is gradually 
withdrawn from the transilluminated and insufflated 
bowel. In 10 cm segments, the lumen is examined by 
the endoscopist and the external surface by the operat- 
ing surgeon. When examination of the upper gastro- 
intestinal tract is complete, the endoscopist passes the 
endoscope per anus to the sigmoid colon and the oper- 
ating surgeon guides the instrument to the cecum. 
Examination of the colon is, on occasion, slightly more 
difficult than that of the small intestine, since it may 
be necessary to mobilize the flexures for adequate 
examination. When a lesion is found, its location is 
marked by a fine serosal silk suture. Once the examina- 
tion is completed, the lesion as delineated by endo- 
scopic examination is excised by snare cautery, simple 
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ellpse, wedge resection, or by a more extensive 
bowel resection as indicated. 

For a limited examination of portions of the gastro- 
intestinal tract other scopes are employed. Our choice 
for a study confined to the esophagus, stomach or 
duodenum is either the Olympus GIF-D2 gastroscope 
or the thinner, more maneuverable GIFP, pediatric 
gastroscope. 

We have encountered no technical difficulties in any 
of the examinations, and the average examination time 
has been approximately 45 minutes. Since the bowel is 
decompressed as the instrument is withdrawn. there 
has been no difficulty in closing the abdomen. No 
instance of prolonged ileus has occurred. 


Indications 


The indications for intraoperative gastrointestinal 
endoscopy have been wide and varied in the manage- 
ment of complicated problems in surgical patients 
(Table 2). The technique has been successfully used 
to locate the site and cause of bleeding of obscure 
origin; to diagnose, biopsy and, when appropriate, 
resect lesions during operations conducted for other 
pathologic processes; to gain endoscopic access for 
resection of lesions otherwise inaccessible (endoscopi- 
cally) by virtue of intestinal distortion caused by 
adhesions; to guide the operating surgeon to an area 
of resectable disease through dense adhesions: and to 
enhance diagnosis at laparotomy. 


Results 


. Bleeding of Obscure Origin 


Case 1. A 69-year-old white man was initially seen because of atwo 
week history of painless rectal bleeding. The patient appeared anemic 
and gross blood was present on rectal examination. The hematocrit 
value was 28%. Proctosigmoidoscopic examination revealed two 
small polyps in the distal sigmoid colon. The nasogastric aspirate 
was Clear. The admitting diagnosis was lower gastrointestinal bleed- 
ing secondary to diverticular disease. The bleeding was not 
considered rapid enough to justify angiography and a diagnostic- 
therapeutic barium enema revealed diverticula of the descending 
and sigmoid colon. The bleeding stopped after the barium enema 
examination. Repeat barium enema yielded no additional findings 
but an additional polyp in the proximal descending colon was 
found during colonoscopy. All polyps were removed and the patient 


TABLE 1. Surgical Endoscopy Unit 
OE ES GER EP ee ee UNA ee op eee 


Esophagogastroduodenoscopy 1414 
Colonoscopy : 568 
Flexible sigmoidoscopy 78 
Esophagoscopy 44 
Choledocoscopy 19 

Total 2123 

2 1o cc ——E—EC eg 

Intraoperative G.I. endoscopy. 30 


————————— 
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TABLE 2. /ndications for Intraoperative Endoscopy 
— P Bopp E SN CHOICES A L.C C MERE Cn 
A. To locate the site and etiology of occult gastrointestinal bleeding. 
B. To diagnose, biopsy and, when appropriate, resect lesions during 

operations conducted for other pathological processes. 

C. To gain endoscopic access fer resection of lesions otherwise 
inaccessible (endoscopically) by virtue of intestinal distortion 
due to adhesions. 

D. To guide the operating surgeon to an area of resectable pathology 
through dense adhesions which are secondary to multiple pre- 
vious laparotomies. 

E. To enhance diagnoses at the time of diagnostic laparotomy. 

—— GC ee Se eis, ee ee e cO Wl a ee 


was discharged on a high residue diet with 100% bran supplementa- 
tion. 

Seven days later the patient returned with acute lower tract 
bleeding and associated syncope. Angiographic findings were com- 
patible with a "possible" vascular anomaly of the right colon, and 
vasopressin (Pitressin) perfused through the indwelling arterial 
catheter stopped the bleeding. At elective operation, careful explora- 
tion of the abdominal viscera failed to reveal a source of bleeding, 
but intraoperative endoscopy showed a | cm, irregular, red mucosal 
lesion in the area of the cecum. With transillumination via the 
endoscope an obvious vascular anomaly was clearly identified. A 
conservative elliptical excision of the lesion which measured 1.5 
x 2.0 cm was done. Intraoperative endoscopy was completed 
within 20 minutes. Pathologic diagnosis was arteriovenous malforma- 
tion (Fig. 1). The patient has had no further bleeding. 

Case 2. A 51-year-old man was admitted for evaluation of recur- 
rent rectal bleeding. The hemoglobin was 7.7 g/dl and the stools 
were positive for blood. One year previously the patient had had 
rectal bleeding and subsequently underwent colonoscopic polyp- 
ectomy. Upper tract barium studies revealed a duodenal lipoma. 
Colonoscopy on this admission revealed two angiodysplasias in the 
cecum. Selective angiography confirmed this finding. An elective 
operation was performed. Intraoperative endoscopy demonstrated 
an unsuspected angiodysplasia in the transverse colon which had 
not been demonstrated either by previous colonoscopy or by 
angiography. Small bowel endoscopy was negative except for the 
duodenal lipoma which was localized endoscopically and a sub- 
mucosal resection was performed. Since multiple, angiodysplastic 
lesions existed, a right colectomy was performed. Pathology con- 
firmed the lesions. The postoperative course was benign and the 
patient has had no further bleeding. 

Case 3. A 54-year-old man on the medicine-pulmonary service for 
severe silicosis and polymyositis and on 200 mg of Prednisone a day 
developed a massive upper gastrointestinal bleed. The stomach could 
not be cleared with iced saline lavage so the patient was taken to the 
operating room without benefit of a diagnostic evaluation. A 
gastrotomy was done and the bleeding could not be localized. A 
steady flow could be seen coming from the area of the cardia. 
Intraoperative endoscopy was performed and with the surgeon 
applying suction from below, an active pulsatile bleeding site was 
localized by the endoscopist 2 cm above the esophagogastric junc- 
tion. The esophagus was mobilized and a simple figure-of-eight suture 
arrested the hemorrhage. 


Comment 


Eighteen patients have been endoscoped during 
celiotomy for a variety of problems associated with 
bleeding of obscure origin (Table 3). Eleven had 
hemorrhage associated with angiodysplastic lesions of 
the large and small intestine. Two patients were found 
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TABLE 3. /ntraoperative Endoscopy Bleeding of Obscure Origin 








Number of 
Patients 
Experience: 18 patients 
angiodysplasia 11 
acute lower esophageal bleeding 2 
gastric bleeding 2 
early Crohn's disease l 
failure to identify 2 


Limiting factors: Massive bleeding 
in small bowel or colon 
dense adhesions and shortened 
mesentery 





to have single distal esophageal arterial bleeding points. 
One patient was bleeding from a stomal ulcer post 
gastrectomy with Bilroth II reconstruction. The ulcer 
and bleeding point could be visualized only following 
operative mobilization of the anastomosis. One patient 
had massive bleeding from a gastric ulcer which had 
eroded into the splenic artery and one from early acute 
mucosal changes associated with regional enteritis. In 
two patients the bleeding site could not be located. In 
one, the bleeding was so massive that vision was 
obscured and in the other, dense adhesions and a 
shortened mesentery prevented a complete examina- 
tion of the gastrointestinal tract. 

The average age ofthe 11 patients with angiodysplas- 
tic lesions was 62 years. Nine were males. One of the 
lesions was in the small intestine (ileum) and the 
remainder were located in the right and transverse 
colon (Fig. 2). In three patients, the lesions were 
solitary and a simple elliptical excision was performed. 
Eight patients had multiple areas of arteriovenous 
derangement and limited resections were performed as 
defined by the intraoperative endoscopic findings. An 
initial diagnosis of angiodysplasia was made by 
selective angiography in six patients and by colonos- 
copy in four patients. Both angiography and colonos- 
copy were within normal limits in one patient and the 
ileal lesion was initially diagnosed by a combination of 
endoscopy and celiotomy. 

In the follow-up period of from three to 20 months 
none of the patient have had recurrent bleeding. 


Intraoperative Dilemma 


Case 4. A 61-year-old woman was undergoing a diverting colostomy 
for severe perianal disease. During exploration a subtle ill-defined 
spongy mass was palpated in the descending duodenum. Intraopera- 
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Fic. 2. Distribution of vascular lesions. Angiodysplasias in 28 pa- 
tients. Cecum and ascending colon: 24 patients. Transverse colon: 
3 patients. Ileum: one patient. 


tive endoscopy revealed an ulcerated tumor of the ampulla of vater. A 
pancreatoduodenectomy was performed. The pathologic diagnosis 
was malignant carcinoid. Her postoperative course was uneventful 
and the patient has done well in the 21 months since operation. 
Case 5. A 50-year-old man, who had recently undergone esophagec- 
tomy and colon interposition for esophageal carcinoma, fell at home 
and sustained fractures to his left hip and femur and was placed ina 
spica cast. The patient was admitted with severe abdominal pain and 
was felt to have an acute abdomen. At exploration ascites was present 
and the colon was markedly edematous. The gross findings were 
Suggestive of pseudomembraneous enterocolitis and intraoperative 
endoscopy confirmed the presence of the classic plaques. 


Comment 


In six patients intraoperative endoscopy was bene- 
ficial in resolving a dilemma at celiotomy (Table 4). In 
all six patients included in this category, the use of in- 
traoperative endoscopy was not part of the preopera- 
tive plan. Rather, the surgical endoscopy team was 
called on an emergent basis either because of compli- 
cations which developed at the time of celiotomy or 
because the operating surgeon was faced with a sig- 
nificant diagnostic or therapeutic problem. In each 
instance, the problem was quickly resolved. In four 
patients it was possible to avoid any violation of gastro- 


————————— 


Fic. 1. (a) Transillumination of the cecum held by the surgeon's hand and clearly showing the abnormal vasculature of an arteriovenous mal- 
formation. (b) Intraluminal endoscopic view of the arteriovenous malformation. (c) With standard lighting of the operative field, the lesion in the 
cecal wall is invisible even when its location is demarcated by clips. (d) Photomicrograph of a section of the cecal arteriovenous malformation 


showing dilated, thin-walled vessels in the submucosa. 
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TABLE 4. /ntraoperative Endoscopy Intraoperative Dilemmas 


————— MJ —— Hr — Ó i — — M — — — ——————————————— 


Intraoperative Dilemma 


Influence of Intraoperative Endoscopy 


a M —— —— ——————————————/ 


No mass palpable 


Ill-defined mass palpable in 
duodenum 


No abscess found in grossly 
obese patient 


Massive edema of colon 


Significant bleeding through 
N/G tube during explora- 


Patient Reason for Abdominal Exploration 

51 F Left colectomy for “‘classic’’ x-ray find- 
ings of carcinoma* 

61 F Diverting colostomy for severe perianal 
disease 

32M Gastrograffin UGI demonstrated leak 
into lesser sac in patients on steroids 

50 M Debilitated patient in spica cast with 
"acute" abdomen 

53 M "Acute" abdomen in patient with factor 
VIII deficiency 

tion 
61 M Gastric outlet obstruction — P.O. vagot- 


omy and Bilroth II reconstruction 


Massive inflammatory reac- 
tion—organs cannot be 
identified 


Inflammatory mucosal lesion-biopsy con- 
firmed resection avoided 


Ulcerated tumor identified 
Whipple performed — malignant carcinoid 


No mucosal lesion present— stomach in- 
flated with air— no leak present — gastrot- 
omy avoided 


Definitive diagnosis of pseudomembraneous 
enterocolitis made resection avoided 


Stomach free of mucosal lesions —bleeding 
source identified in posterior pharynx 


Marked efferent limb obstruction — both 
limbs identified with transillumination and 
jejunojejunostomy performed 





intestinal integrity. In a fifth patient, a potentially haz- 
ardous dissection and resection were avoided. Finally, 
an unsuspected lesion was postively diagnosed and a 
definitive pancreaticoduodenal resection was per- 
formed. 


Planned Simultaneous Procedures 


Case 6. A 40-year-old woman was admitted for elective repair of a 
large ventral hernia. Because she complained of nonspecific dyspep- 
tic symptoms, diagnostic roentgen studies including a barium enema 
were obtained. A cecal filling defect compatible with a diagnosis of 
carcinoma was observed. The patient had no knowledge of appendec- 
tomy at the time her gynecologic procedure was performed. Her past 
hospital records were unobtainable. Colonoscopy was attempted, but 
could not be carried to successful completion because of colonic 
trapping within the hernial defect. At operation, the colonoscope was 
easily guided to the cecum. A flat sessile polypoid lesion was seen 
covered with normal appearing mucosa. The lesion was removed by 


snare-cautery technique and colotomy or resection was avoided. 
Frozen sections confirmed the diagnosis of appendiceal stump. The 
hernia was repaired and the patient had an uneventful postoperative 
course. 

Case 7. A 40-year-old man with Behcet's Disease was explored 
because of a probable chronic perforation of the distal ileum. Because 
of the segmental location of the intestinal lesions in Behcet's Disease, 
intraoperative endoscopy was performed to rule out the presence of 
skip areas. Previously noted ulcerations in the esophagus were again 
observed but the remainder of the gastrointestinal tract with the ex- 
ception of the distal ileum was free of disease. The terminal ileum and 
cecum were resected. 


Comment 


Five patients had intraoperative endoscopy as a 
planned simultaneous procedure (Table 5). These pa- 
tients underwent abdominal surgery for a specific 
disease process and intraoperative endoscopy either 


TABLE 5. Intraoperative Endoscopy as a Simultaneous Procedure 


L—————— M ——— € ———  — ———— — ————————————— 7 


Indication for Intraoperative 





Patient Indication for Abdominal Exploration Endoscopy Influence of Intraoperative Endoscopy 
54 M Chronic cholecystitis History of hematochezia un- Normal colon no mucosal lesions present 
able to reach cecum on rou- 
tine colonoscopy 
46 F Re-establishment of intestinal continuity Multiple villous polyps in Extent of polyps delineated — maximal amount 
in a morbid obesity bypass patient with colon on BE of colon preserved 
intractable diarrhea 
40 M Evidence of chronic perforation of ileum Delineation of additional skip Limitations of pathology defined for pur- 
in patients with Behcet's Disease areas of involvement poses of resection 
33 F Chronic postgastrectomy gastrocutane- Location of fistula Internal orifice and tract of fistula delineated — 
ous fistula limited surgery allowed in a patient with 
an obliterated peritoneal cavity 
40 F Large ventral hernia and mass in cecum Unable to perform colonos- Polypoid mass removed with snare, colot- 


copy because of colon in 
hernia 


omy avoided 


a 
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complimented the procedure by defining the limits of 
pathology or allowed diagnosis and treatment of un- 
related problems. 


Inaccessible Lesions 


Case 8. A 47-year-old man underwent colonoscopy for known 
polyps in the transverse and sigmoid colon. A 2 cm polyp was re- 
moved from the sigmoid colon but because of morbid redundancy of 
the sigmoid and transverse colon, the colonoscope could not be 
advanced beyond the distal transverse colon. Under general 
anesthesia the colonoscope was advanced to its previous limitations, 
the abdomen was prepped and a 10 cm upper midline incision was 
made. The endoscope was then guided to the proximal transverse 
colon and the polyp was removed with snare cautery technique. The 
polyp was adenovillous. The postoperative course was benign. 


Discussion 


With the addition of the endoscope as a complimen- 
tary tool to barium contrast studies and angiography a 
new dimension to the clinical aramentarium of the sur- 
geon has been realized. Expansion of the use of a 
variety of endoscopes during celiotomy is a logical pro- 
gression for endoscopic techniques. The wide poten- 
tials of intraoperative endoscopy have been attested to 
through case reports and small series reports during the 
past seven years. Lucas," Greenberg,’ Myers," 
Bombeck,! Lipshultz,'" Hooks,*? and Bowden?’ have 
demonstrated the usefulness and limitations of intra- 
operative endoscopy in a variety of difficult gastroin- 
testinal bleeding problems. Richter," Espiner® and 
Bombeck' have used intraoperative endoscopy to lo- 
cate and remove polypoid lesions without the compli- 
cation potentials of colotomy. Martin and Forde” re- 
cently showed that intraoperative colonoscopy was of 
value in decision making and/or therapy in 27 of 29 
cases. 

Even with the recent advances in endoscopic tech- 
nology, nonoperative examination of the gastrointes- 


tinal tract beyond the ligament of Treitz remains out of 


the realm of practicality.*? Intraoperative endoscopy is 
the only potentially consistent method of total G.I. tract 
examination. 

In our present series we have successfully utilized in- 
traoperative endoscopy in 28 of 30 patients. As demon- 
strated in this series, endoscopic visualization of the 
gastrointestinal tract is useful in solving a variety of 
problems during celiotomy. The limits of resection may 
be extended or restricted based on the combined ob- 
servation of the endoscopist and the operating surgeon. 


DISCUSSION 


DR. RICHARD T. MYERS (Winston-Salem, North Carolina): I rise 
to make a comment about one aspect of this; namely, occult bleeding 
—and to ask one question. 
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Lesions not palpable through the colonic wall, espe- 
cially in the obese patient, can be localized. Unsus- 
pected lesions can be visualized and biopsy material ob- 
tained endoscopically can yield definitive diagnosis. 
Vascular malformations can be located and marked 
with a suture so that resection, accurate pathological 
examination and diagnosis can be made. Fistulous 
openings can be identified from the lumen when mas- 
sive adhesions and inflammatory reaction suggest to the 
surgeon that extensive dissection would be hazardous. 
Enterotomy with conversion from a clean wound to a 
clean contaminated wound with an attendant increase 
in wound infection rate can be avoided in appropriate 
situations. 

We conclude that intraoperative endoscopy is of def- 
inite value in the assessment of a wide variety of dif- 
ficult gastrointestinal problems that can be encountered 
during celiotomy. 
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The rapid development of fiberoptic esophagogastroduodenscopy 
and colonoscopy brought precision to the localization of g.i. 
bleeding proximal to the ligament of Treitz and distal to the ileocecal 
valve. However, despite angiography, scanning techniques, methods 
of sampling jejunoileal secretions at various levels, and exploratory 
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surgery, the localization of small bowel bleeding is all too often 
frustrated. 

The demonstration by Lucas and Sagawa that the effective- 
ness of surgical exploration for either the localization of upper g.i. 
bleeding or colonic polyps could be extended by concomitant use 
of endoscopy suggested to us that with a suitable scope the small 
bowel mucosa might also be examined. We found, as Dr. Mansberger 
has clearly demonstrated, that the standard — and we use a little 
longer scope — 187 cm fiberoptic colonoscope could be passed during 
celiotomy from the upper g.i. tract to the ileocecal valve, and used 
to detect bleeding sites. Our technique is similar to that described 
today. 

After the endoscopist passes the scope into the duodenum, the 
surgeon guides the scope into the upper jejunum. From there the 
endoscopist can visualize the entire small bowel, as the surgeon 
reefs it up onto the slowly advanced colonoscope. 

(slide) This is a slide of a 70-year-old woman who had had all the 
studies for occult bleeding, and it shows the colonoscope passed 
to the ileocecal valve. You visualize here a Meckel's diverticulum, 
which is a red herring. The lesion is at this point in the upper 
jejunum. 

(slide) This just simply shows the scope in the small bowel. 

(slide) Here's the endoscopist' s view, showing the upper jejunum 
proximal to the lesion; here bleeding seen very vividly in the 
mucous membrane, passing through a very short segment of jejunum, 
and normal-appearing bowel again, which can be marked, and this 
was totally unavailable by sight from the external bowel. This was 
resected, and proved to be a vasculitis. 

(slide) A second lesion, which could be seen grossly. but in order 
to exclude the rest of the bowel, (slide) here it is in a little higher 
power, showing the hemangioma of the upper jejunum. The scope 
was passed completely through, excluding all of the rest of the 
mucous membrane, which was normal, and the lesion was resected, 
and here in the mucous membrane you can see this nice little 
hemangioma. 

The manuscript indicates experience with 11 patients with angio- 
dysplasia, six of whom were diagnosed by angiography and five by 
colonoscopy. In our own experience, we have been able to detect 
this lesion only by angiography. And my question is this to Dr. 
Mansberger: How does one diagnose this elusive lesion by endoscopy? 

I note in his presentation that he demonstrated some abnormality 
in the vasculature through the transilluminated bowel, but I would 
appreciate it if he would amplify on that. 


DR. JOHN D. ASHMORE, JR. (Greenville, South Carolina): I rise 
to mention another possible way to demonstrate angiodysplasia 
at the time of surgery. Fogler and Galembe reported a case of 
arteriovenous malformation of the jejunum with classic early 
venous filling seen on angiogram. After injection of 10 cc of methylene 
blue in the artery supplying the segment suspected of harboring 
the lesion, they noticed a definite blanching of one area, this due, 
presumably, to arteriovenous shunting of the dye. Dr. Silen com- 
mented favorably in his editorial on this article. 

We recently applied this technique in a 60-year-old woman who 
had preoperative endoscopic and angiographic evidence of angio- 
dysplasia. (slide) At surgery, we cannulated the ileocolic artery, 
but after injection could detect no such blanching, either ex- 
ternally or on opening the specimen. 

(slide) Now, the original authors used a No. 22 needle, and we 
cannulated with a No. 18 catheter, so perhaps it is possible that 
our injection was too rapid, with too large a bolus. It is also possible 
that the arteriovenous communications vary so much that some 
lesions will be demonstrated by this technique, while others fail. 

We would suggest a slow injection, with more dilute dye, may be 
more productive. If this technique works consistently, it would aid 
in strengthening a shaky diagnosis, and would be of great value if 
emergency surgery on an unprepared bowel is necessary. 


DR. JOHN L. SAwyYeERs (Nashville, Tennessee): This manuscript 
is full of fascinating case reports that convince the reader that intra- 
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operative endoscopy is indeed becoming an increasingly valuable 
procedure in the operating suite. 

The authors outline five indications for the use of intraoperative 
endoscopy. We have experience with only one of these indications; 
namely, localization of the site and the cause of gastrointestinal 
bleeding. We have found this technique useful in patients under- 
going operation for undiagnosed upper gastrointestinal bleeding. 
The endoscopist looks into the lower esophagus, stomach, and 
duodenum, while the surgeon helps manipulate the scope. We have 
been able to localize lesions at the operating table that had not been 
previously seen on preoperative endoscopy. 

But the most valuable use of intraoperative endoscopy in our 
experience has been localization of angiodysplastic lesions of the 
colon. These are extremely difficult for the surgeon to visualize, 
but with illumination of the bowel wall and identification through 
the endoscope the surgeon can find these lesions, which are usually 
in the right colon. 

I would like to ask Dr. Mansberger whether he thinks that these 
AV malformations, or angiodysplasias, are better managed by 
localized wedge resection, or by partial resection of the colon, such 
as a right colectomy. It's been my understanding that many of these 
lesions are multiple. For this reason, we have been performing a 
right colectomy for angioplastic lesions of the cecum or ascending 
colon. 

Could the authors tell us if they can now accurately localize all 
AV malformations, and do they advocate localized wedge resections? 

I am very pleased that Dr. Mansberger is training his residents 
and staff in the use of endoscopy, because surgeons as well as 
gastroenterologists should use this technique. 


Dr. C. Dovr E HAYNES (Opelika, Alabama): We have a surgical 
endoscopy unit, and certainly we make a lot of diagnoses that we 
wouldn't make otherwise. I'd like to make a couple of points. 

(slide) We have mainly used this in intraoperative endoscopy to 
localize either polyps of the small intestine when we have a family 
with Peutz-Jeghers syndrome, where it's not uncommon that you 
take out 10 or 15 polyps that you can't really see without the 
endoscope—one of the polyps can be seen through the endo- 
scope here. 

(slide) This is an AV malformation of the small intestine that was 
bleeding, that you can see through the endoscope. 

I would like to make a plea that the surgical services throughout 
the country try to develop endoscopy units and use them. 


DR. E. ARMISTEAD TALMAN (Richmond, Virginia): I would like to 
share one of my problem patients with you. This is an 84-year-old 
woman, self-sufficient and otherwise in good health, who has recur- 
rent episodes of gastrointestinal bleeding that have required seven 
hospitalizations in the past two years and three in the past three 
months. She is in the hospital now and still continues to bleed. She 
has negative x-rays. She has colonoscopic evidence of right colon 
AV malformations: and she has gastroscopic evidence of duodenal 
AV malformations, which are multiple in the loop of the second 
portion of the duodenum, and one of these measures almost one- 
half centimeter. 

I am only aware of five ways to specifically localize these lesions 
intraoperatively. One is selective mesenteric venous Po, measure- 
ments and another is intraoperative arteriography; both of which are 
fraught with some danger. A third is the Doppler ultrasound probe. 
Fourth is the technique that Dr. Ashmore has just described, 
which in our hands has recently been successful; that is, we have 
been able to inject the superior mesenteric artery with methylene 
blue and see the entire small bowel turn blue except for the local 
area where the AV malformation was located. On removal of this 
portion of the specimen, the lesion was verified. And now we have 
this approach that Dr. Mansberger has described. 

Since he is not available to us in Richmond, I would like to ask 
him one question. Do you have any conflict of interest between the 
endoscopist on one side of the drapes and the surgeon on the other 
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side who is holding the bowel and anxious to proceed with an ex- 
pedient and definitive resection? 


DR. T. A. BowDEN, JR. (Closing discussion): Dr. Sawyers, we 
have used angiography to confirm the presence of all angiodysplasias. 
Radiology demonstrated a lesion or indicated a high index of sus- 
picion in all cases except one which was a small ileal vascular 
malformation identified with intraoperative endoscopy. I feel, at 
present, that if a single angiodysplasia can be identified and localized 
then simple elliptical excision is satisfactory. Dr. Scott J. Boley 
has indicated that these lesions are single 2596 ofthe time and we have 
found a similar incidence in our series. The greatest value of in- 
traoperative endoscopy under these circumstances is the ability to 
accurately localize these lesions and resect only that portion of bowel 
involved. 

I particularly want to thank Dr. Myers for his discussion since 
it was his presentation of this concept in a paper given in 1975 at 
the Southeastern Surgical Congress that inspired the study we have 
presented today. We are learning to identify angiodysplasias during 
routine colonoscopy and have found that their appearance is 
dependent on their stage of development. The obvious advanced 
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lesions are relatively easy to identify and appear as a small irregular 
slightly raised red or reddish-blue blush in an area of otherwise 
normal mucosa. Identification of more subtle lesions is dependent 
on the surgeon's experience and a meticulous bowel preparation. 

Dr. Ashmore, I have not used the technique of intraoperative 
methylene blue injection to identify angiodysplasias but intra- 
operative endoscopy would give us the opportunity to investigate 
the accuracy of this technique which could then be used under 
those circumstances where an unprepared bowel would make 
endoscopy difficult. 

Dr. Talman, I have no experience with the use of the Doppler 
probe to identify angiodysplasias and am unable to comment on 
this technique. We have had no difficulties in decisions on limits of 
resection in these lesions since all of these cases have been done 
in our teaching program and I try to encourage our residents to feel 
that my decisions are theirs. 

Finally, I want to underscore Dr. Haynes' comments regarding 
residency training in endoscopy. These techniques should be as much 
of a general surgeon's training as herniorrhaphys and pre- and post- 
operative care. I know in many institutions that this has become 
a regular rotation in a resident's experience and perhaps someday it 
will be available in all programs. 


The Role of Vagotomy in Pancreaticoduodenectomy 


H. WILLIAM SCOTT, JR., M.D., RICHARD H. DEAN, M.D., TELFAIR PARKER, M.D., GEORGE AVANT, M.D. 


In a series of 41 pancreatoduodenectomies the Whipple pro- 
cedure was done in 27 patients. and total pancreatoduo- 
denectomy in 14 others with two postoperative deaths. Among 
39 survivors, seven developed evidence of stomal ulcer 20 days 
to six years after operation; details of their courses are sum- 
marized. Proven stomal ulcer occurred in five of 14 patients 
who did not have concomitant vagotomy with pancreato- 
duodenectomy (36%). Each of these required vagotomy sec- 
ondarily in management. When two patients with hema- 
temesis in whom stomal ulcer was suspected but not proven 
are included, the incidence of stomal ulcer in nonvagotomized 
patients with pancreatoduodenectomy (7/14) is 50%. There 
were no stomal ulcers in patients with pancreatoduodenectomy 
who had concomitant vagotomy (0/25). It is logical to add the 
protective effects of vagotomy to pancreatoduodenectomy, 
especially when the disease process favors prolonged survival. 


S A SURGICAL RESIDENT the senior author assisted 
his surgical chief in the performance of a total 
pancreatoduodenectomy in a young man with chronic 
pancreatitis. Neither the then new truncal vagotomy 
which had recently been described by Dragstedt and 
Owens! nor distal partial gastrectomy were carried out. 
Gastrointestinal reconstruction was accomplished as in 
Figure 1. Three weeks after the operative procedure the 
patient developed the symptoms and signs of perfora- 
tion of a hollow viscus. Despite operative closure of a 
perforated gastrojejunal ulcer and vigorous supportive 
measures, the patient failed to survive. 

This experience directed our attention in forceful 
fashion to the ulcerogenic potential of the gastro- 
intestinal alterations induced by pancreatoduodenec- 
tomy. As a result we have routinely used distal hemi- 
gastrectomy in all and truncal vagotomy in most 
Whipple procedures and total pancreatoduodenectomies. 
This report reviews our small personal experience with 
marginal ulceration after pancreatoduodenectomy and 
examines the role of vagotomy in its prevention. 
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Clinical Study 


During the past 27 years we have done 41 pancreato- 
duodenectomies. The Whipple procedure was carried 
out in 27 patients and total pancreatoduodenectomy 
in 14 others. Two of the patients with total pancreato- 
duodenectomy for pancreatic cancer died 16 and 23 
days after operation respectively with intra-abdominal 
sepsis. Operative mortality rate was 5% (Table 1). 

In the 39 patients who survived operation, pancreato- 
duodenectomy was done for carcinoma in 26 patients, 
chronic pancreatitis in seven patients, benign pancreatic 
tumor in four patients and trauma in two patients. There 
were 23 men and 16 women in the survivors. Median 
age was 49 years with a range of 19—70 years (Table 2). 

After the Whipple resection, reconstitution of the 
upper gastrointestinal tract was carried out as in Figure 
2A. After total pancreatoduodenectomy, the recon- 
struction was usually done as in Figure 2B. 

In the 27 patients who had the Whipple procedure, 
17 had a concomitant truncal vagotomy. Among the 
12 patients who survived total pancreatoduodenectomy, 
eight had concomitant truncal vagotomy (Table 3). 

Follow-up in these patients extended to 15 years. 
Ten of the group with carcinomas died within one year 
of operation. Ten others with malignant tumors expired 
15 months to six years after operation, while the re- 
maining six patients with carcinomas are alive and ap- 
parently well 21⁄2 to 9 years from operation. Six of 
seven patients with resections for pancreatitis are alive 
and well one to four years after operation, while the 
other such patient died 15 years after total pancre- 
atectomy. The two patients with trauma and the four 
patients with benign pancreatic tumors are alive and 
well one to 13 years since resection (Fig. 3). 

Of greater pertinence to this report are the courses of 
seven patients who had pancreatoduodenectomy with- 
out concomitant vagotomy and sustained episodes of 
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Fic. 1. Reconstruction of gastrointestinal tract after total pan- 
creatoduodenectomy that was used in a young man (not in present 
series) who perforated marginal ulcers within three weeks after 
operation. Neither partial gastrectomy nor vagotomy had been done. 


severe upper gastrointestinal bleeding due to marginal 
ulcer, either proven or strongly suspected. Table 4 
summarizes the indication for operation, type of pro- 
cedure and interval between operation and diagnosis 
in these patients. Details of their courses follow. 


Case Reports 


Case 1. A 67-year-old white man was admitted to Vanderbilt 
University Hospital in March, 1952 with the chief complaint of 
jaundice of two weeks duration. Three months previously he had 
noted the onset of anorexia and constipation with a 30 pound weight 
loss. For several years he had had occasional epigastric, gnawing 
pain relieved by milk and antacids. He had been living in Germany 
for four years. He had no history of transfusions of blood or plasma. 
His last immunization was four years previously. One month prior 
to entry, he boarded ship in Germany for return to the United 
States. He became violently nauseated aboard ship but had no 
vomiting. There had been no pruritus, chills or fever and no history 
of fatty or greasy food intolerance. His general health had been 
excellent all his life. 

On admission blood pressure was 120/70, temperature 37°C. He 
was a well developed, well nourished, and deeply icteric man who 
did not appear to be in any acute distress. The sclerae were icteric. 
There was no generalized or localized lymphadenopathy. Examina- 
tion of neck, chest and lungs was negative. The heart was not en- 
larged. Pulse was 80 and regular. Examination of the abdomen 
showed it to be full, nontender, no spasm, and no masses could be 
felt. Liver was palpated two fingerbreadths below the costal margin. 
The remainder of the examination was within normal limits. 
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TABLE 1. 4/ Patients with Pancreatoduodenectomy 





Number of 





Patients 
Whipple procedure , 27 
Total pancreatectomy 14* 
Postoperative death ye 


* Operative mortality rate 5%. 


Laboratory findings on admission showed the urine to be posi- 
tive for bile. Serum bilirubin was 19 mg/dl. Cephalin flocculation 
was negative at 24 and 48 hours. Thymol turbidity was 3.0. BSP 
was 82%, 45 minute retention. Nonprotein nitrogen 36 mg/dl, total 
serum protein 6.3 g/dl with a normal AG ratio. X-ray of the chest 
showed no abnormalities. Upper GI series revealed no evidence of 
any intrinsic lesion. An electrocardiogram was within normal limits. 

The patient was taken to the operating room on March 24, 1952, 
The gallbladder was distended. There were no obviously enlarged 
lymph nodes and no evidence of hepatic metastases or peritoneal 
implants. The common duct was dilated to a diameter of about 1'2 
inches. On bimanual palpation a small hard tumor was identified 
in the upper margin of the head of the pancreas just at the point at 
which the common duct passes behind duodenum into pancreas. The 
remainder of the pancreas felt normal in consistency and certainly 
was normal in appearance. We could not feel a dilated pancreatic 
duct. Palpation in the foramen of Winslow revealed a normal sized 
portal vein and the small tumor was well anterior to the portal vein. 
Because of the location of this tumor, it was decided that a Whipple 
procedure should be done rather than a total pancreatectomy. The 
stomach was divided between Payr clamps so as to affect a 65—70% 
resection. The distal stomach was turned downward with division 
of the right gastric artery, the gastroduodenal artery and the common 
duct. The entire duodenum was then mobilized, divided at the 
duodenojejunal junction and after its mesentery had been divided 
reflected to the patient’s right. Dissection was then carried along the 
anterior wall of the superior mesenteric vein and portal vein to elevate 
the neck of the pancreas. The latter was then transected along with 
the uncinate process and the entire specimen was excised en bloc. 
After securing hemostasis in the bed of the resected specimen with 
suture ligatures and the cautery, reconstruction of the gastrointestinal 
tract was carried out as in Figure 2A. Vagotomy was not done. 

The patient had an uncomplicated recovery from the operative 
procedure. Pathologic examination of the specimen showed a well 
localized 2 cm diameter adenocarcinoma of the head of the pancreas 
infiltrating the lower end of the common bile duct with several 
lymph node metastases. 

The patient was instructed in a high protein. low carbohydrate 
postgastrectomy diet and was discharged with a well healed wound 
on the seventeenth postoperative day. Over the next three years, 
the patient did very well generally with no evidence of recur- 
rence of tumor. His postgastrectomy diet was well tolerated until 


TABLE 2. Indications for Pancreatoduodenectomy in 39 Survivors 








Number of 
Indication Patients 
Adenocarcinoma 26 
Pancreatitis 7 
Benign tumor 4 
Trauma 2 
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the spring of 1955 when he developed epigastric pain which "feels 
like a cramp.’ This apparently persisted until July, 1955 when he 
sustained a massive episode of hematemesis while on vacation in 
Florida and died before surgical intervention could be accomplished. 
Autopsy was not done. 

Case 2. A 52-year-old white woman was admitted to the Vander- 
bilt University Hospital because of chronic abdominal pain re- 
quiring narcotics for relief. Her present illness dates to about 1945 
when she began to drink rather heavily. In 1950 she had the onset of 
deep penetrating epigastric pain and x-rays were stated to have shown 
diffuse pancreatic. calcification. These symptoms persisted and 
worsened and in 1956.a total pancreatectomy was performed at St. 
Luke's Hospital in New York City with alimentary reconstitu- 
tion as in Figure 4. Vagotomy was not done. 

Her original symptoms were relieved by the operative procedure 
but six or eight months later she began to have cramping abdominal 
pain with distention and six to seven stools daily in the two months 
prior to admission at the Vanderbilt Hospital in 1962. She had 
persistent epigastric pain and distress for which she received 
Demerol” injections from her family doctor. Because of persistent 
pain and increasing frequency of tarry stools, she was admitted to the 
Vanderbilt Hospital on the Medical Service in October, 1962 where 
a full evaluation of her problem was carried out. An upper GI series 
during that admission was interpreted as showing an apparently 
normal sized stomach with both Billroth I and Billroth II types of 
anastomosis. Barium was noted to reflux into the biliary tree. 
Barium enema at that time showed no lesions but extreme spas- 
ticity of the colon. Except for moderate anemia, laboratory data 


TABLE 3. 
Stomal 
Operations Patients Ulcers 
Whipple procedure 27 
with vagotomy 17 0 
no vagotomy 10 6 
Total pancreatectomy 12 
with vagotomy 8&8 0 
no vagotomy 4 l 


Ann. Surg. e June 1980 


Fic. 2. Reconstruction of 
gastrointestinal tract used 
in most patients of present 
series after (A) Whipple 
procedure (B) total pan- 
creatoduodenectomy. 


B 


were within the normal range. Despite the lack of radiologic demon- 
stration, stomal ulcers were suspected and the patient was placed on 
a regimen of antacids and antispasmodics including Pro-Banthine*, 
15 mg four times daily. In addition, her insulin was increased to 40 
units of NPH and 20 units of regular insulin each morning. 

Within two weeks the patient had recurrence of abdominal pain 
and multiple tarry and bloody stools which required readmission to 
the Surgical Service of Vanderbilt University Hospital in No- 
vember, 1962. 

On physical examination, blood pressure was 190/100, pulse 96, 
respiratory rate 16. The patient was a very thin, chronically ill 
appearing woman who weighed 88 pounds but who was in no acute 
distress. Head, eyes, ears, nose and throat examination was in the 
normal range. Thyroid was not enlarged. The lungs were clear to 
auscultation and percussion. The heart was not enlarged and had a 
normal sinus rhythm with no murmurs. The abdomen was full with 
visible peristalsis in the left lower quadrant and epigastric area. The 
liver edge was palpable 2 cm below the right costal margin. There 
were no other abdominal masses. Extremities showed pitting edema 
in both ankles. Physical examination was otherwise within normal 
limits. 

Laboratory data on admission showed 4+ urinary sugar and this 
persisted throughout her preoperative course. White cell count was 
9.000, packed cell volume was 50%, bleeding and clotting times were 
normal and platelet count was 564,000. Fasting blood sugar on 
admission was 274 mg/dl, serum urea nitrogen was 19 mg/dl. Electro- 
lytes were in the normal range. Total serum protein was 6.9 g/dl 
with an AG ratio of 4.4:2.5. Stool examinations for blood on four 
occasions were all guaiac negative. Overnight gastric secretion pro- 
duced 6 mEg of free hydrochloric acid. Prothrombin time was 76% 
normal. EKG was within normal limits. A repeat upper GI series 
showed no evidence of marginal ulceration. Despite these findings, 
the clinical diagnosis was marginal ulceration and on this basis she 
was taken to the operating room in November, 1962. The recon- 
struction shown in Figure 4 after total pancreatectomy was con- 
firmed and a large marginal ulcer was identified at each of her 
gastrojejunal anastomoses. A resection of the antrum of the stomach 
with the jejunal anastomoses bearing the marginal ulcers was carried 
out together with a truncal vagotomy. Reconstruction of the gastro- 
intestinal tract was as in Figure 5. The end of the jejunum adjacent 
to the biliary jejunal anastomosis was closed distal to the resected 
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marginal ulcer and about 12 inches downstream from this anas- 
tomosis, the jejunum was brought up for anastomosis to the gastric 
stump using a Hofmeister technique. 

The patient made an uncomplicated recovery from the operative 
procedure and on a regimen of insulin and Cotazyme gradually 
gained weight from a low of 85 pounds to 130 pounds. She fortunately 
stayed away from alcohol and was followed over the next five years 
without any evidence of recurrence of ulcer or other gastrointestinal 
problems. In 1968 she was readmitted to the Vanderbilt Hospital 
with a history of two small strokes which were evaluated on the 
Medical Service. She died at home with a massive stroke in 1973. 
Autopsy was not done. 

Case 3. This 45-year-old black man was first admitted to Vander- 
bilt Hospital in July, 1970 for evaluation of melena of three months 
duration. He had been previously admitted to another hospital 
for work-up for anemia and guaiac positive stools. Upper GI series 
at that time did not reveal any evidence of ulcer. He was transfused 
and discharged on an ulcer control regimen. Two weeks prior to 
the present admission the patient had a large tarry stool. There was a 
past history of chronic left lower quadrant abdominal pain of ap- 
proximately 20 years duration, never severe and with no relation 
to meals. The pain was unrelieved by antacids. Review of systems 
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TABLE 4. 
Interval to 
Diagnosis Operation Marginal Ulcer 

Bile duct carcinoma Whipple procedure 20 days 
Periampullary carcinoma Whipple procedure 18 months 
Chronic pancreatitis Whipple procedure 2 years 
Duodenal carcinoma Whipple procedure 2 years 
Islet cell tumor Whipple procedure 3 years 
Pancreatic carcinoma Whipple procedure 3 years 
Chronic pancreatitis Total pancreatectomy 6 years 
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YEARS FOLLOWING OPERATION 


was noncontributory. Physical examination showed a well-developed, 
well nourished middle-aged black male in no acute distress. Exami- 
nation was within normal limits. The abdomen was soft and non- 
tender with no palpable masses or organomegaly. Rectal and 


Fic. 4. Case 2. Status of gastrointestinal tract after total pan- 
creatoduodenectomy. Six years later stomal ulcers developed at 
each gastrojejunostomy. 
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FiG. 5. Case 2. Resection of antrum of stomach with gastrojejunal 
anastomoses bearing stomal ulcers was combined with truncal 
vagotomy. 


sigmoidoscopic exam showed no abnormalities except for a guaiac 
positive stool. Admission packed cell volume was 34%, hemoglobin 
10.7 g/dl; white blood count and urinalysis were normal. Clinical 
chemistry profile was within normal limits. Hypotonic duodenog- 
raphy after admission showed a lesion at the junction of the second 
and third portions of duodenum compatible with a primary duo- 
denal tumor, constricting the lumen and destroying the mucosal 
pattern. Preoperative diagnosis was carcinoma of duodenum. 

On July 6, 1970 exploratory laparotomy was performed. The 
diagnosis of adenocarcinoma of the third portion of the duodenum 
was confirmed. The tumor was approximately 3 cm in diameter. It 
was a firm lesion situated in the transverse duodenum with partial 
obstruction of the duodenal lumen but with no evidence of intra- 
peritoneal spread or local invasion and there were no hepatic 
metastases. There were no peritoneal implants or other abnormalities 
of the GI tract. A pancreatoduodenectomy (Whipple procedure) 
was carried out with resection of the distal stomach, the head of the 
pancreas and the entire duodenum. Vagotomy was not performed. 
Reconstruction of the gastrointestinal tract was carried out as in 
Figure 2A. Pathologic diagnosis showed a well differentiated car- 
cinoma of the third portion of the duodenum which exterded into but 
did not penetrate the muscularis. The lymph nodes contained no 
tumor and the proximal and distal margins were free of tumor. The 
patient's postoperative recovery was complicated by a right lower 
lobe atelectasis and a prolonged paralytic ileus. The wound healed 
per primum and with a gradual return of good gastrointestinal 
function he was discharged on a soft postgastrectomy diet on the 
twenty-first postoperative day. 

He made a slow but steady recovery from the operative procedure, 
gained 20 pounds in weight and returned to normal activities. Over 
the next two years his weight remained at 150 to 155 pounds and he 
carried out his normal work load without difficulty. 

In July, 1972 he was readmitted to Vanderbilt University Hospital 
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with a complaint of black tarry stools first noticed on the day of 
admission. On the evening prior to admission he drank one and one- 
half quarts of beer, but had noticed no epigastric distress or pain. 
On physical examination he weighed 155 pounds, vital signs were 
within normal limits. Blood pressure was 120/70. Examination 
was within normal limits except for the presence of a well healed 
abdominal scar. There were no organomegaly, masses or tender- 
ness. Stool was tarry and 4+ guaiac. Packed cell volume on admis- 
sion was 32.4% with hemoglobin of 10.6 g/dl, total bilirubin was 
2.1 mg/dl, SGOT 70 IU/L, amylase 302 Somogyi units; electro- 
lytes and other chemical studies were within normal units. 

Gastroscopy showed a 1.8 cm bleeding ulcer located immediately 
opposite the gastrojejunal stoma. After his bleeding had subsided 
a gastric analysis was done which showed a 12-hour noctural volume 
of 565 ml with 45° free HCL and total acidity of 67°. 

On July 1, 1972 he was returned to the operating room. A left 
posterolateral thoracotomy was done and transthoracic vagotomy 
carried out, removing two large vagal trunks and severing the ac- 
cessory vagal fibers so that the entire distal three to four inches of 
esophagus were stripped clean of vagal fibers in the supradia- 
phragmatic area. The patient’s recovery from operation was un- 
eventful and he was discharged on the seventh postoperative day. 
He made a good recovery from operation and over the next seven 
years his health was good with no gastrointestinal symptoms or 
abnormalities. 

In November, 1979 he was readmitted to the Vanderbilt University 
Hospital because of the passage of several grossly bloody stools. 
He had had no antecedent pain or other ulcer symptoms and had 
maintained his weight in the range of 150 pounds for the last sev- 
eral years. 

Physical examination showed him to be in excellent condition 
with no evidence of recurrence of tumor. Gastroscopy showed 
heavy folds in the proximal stomach but no ulcers in the stomach 
itself, however, on the jejunal wall immediately opposite the stoma, 
there was a longitudinal ulcer 5 x 10 mm in dimensions. Upper GI 
series, small bowel follow through and sigmoidoscopy and barium 
enema failed to show any other lesions in the GI tract. The patient 
was placed on antacids and Cimetidine and discharged on these 
medications. 

Case 4. This 55-year-old white man was admitted on January 20, 
1975 for evaluation of nausea, vomiting, abdominal pain and pro- 
gressive jaundice of two weeks duration. The patient also had noted 
chills and fever for ten days. No significant weight loss had been 
noted by the patient during the past six months. The past medical 
history was unrevealing except for a history of the ingestion of 15 to 
18 beers per day for the previous ten years. On physical examina- 
tion the patient was noted to be deeply jaundiced and in mild dis- 
tress. Vital signs included a blood pressure of 135/85 mmHg, pulse 
80/minute, respirations 18, and a temperature of 102.6°F. Abdominal 
examination demonstrated a moderate right upper quadrant tender- 
ness without rebound tenderness. There was modest guarding on 
palpation in that area. The liver was palpable 10 cm below the right 
costal margin. No other masses or organomegaly were noted. 

Laboratory data included a PCV of 41%, WBC 14,200 cells/mm’, 
total bilirubin 27.5 mg/dl, conjugated bilirubin 21 mg/dl, SGOT 90 
IU/L and alkaline phosphatase 350 IU/L. Diagnosis on admission 
was obstructive jaundice with cholangitis. 

After admission, antibiotic therapy with intravenous Ampicillin 
and Gentamycin was initiated. On January 25, 1975, the patient 
underwent exploratory laparotomy. At operation, a 3 cm mass in the 
head of the pancreas which obstructed the common duct was 
identified. No hepatic or other intra-abdominal metastases were 
noted. On the basis of these findings, a pancreatoduodenectomy 
(Whipple procedure) was performed. Pancreatic, biliary and gastro- 
intestinal continuity was re-established as shown in Figure 2A. 
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Fic. 6. Case 5. Patient with 
chronic pancreatitis ini- 
tially had drainage of 
pseudocyst; one year later 
Whipple procedure without 
vagotomy was done for 
large hemorrhagic cyst in- 
volving head of pancreas. 
Stomal ulcer developed 
two years later. 


In addition a cholecystojejunostomy was also performed. Histologic 
examination of the resected specimen demonstrated an adeno- 
carcinoma of the ampulla of Vater with extension through the duo- 
denal wall and into the head of the pancreas. No nodal metastases 
were found. 

The patient's postoperative recovery was uncomplicated. Oral 
feedings were instituted on February 16, 1975. By February 17, 
1975, the serum total bilirubin had fallen to 1.6 mg/dl. The patient 
was discharged on February 18, 1975 to be followed in the surgical 
clinic. 

One year after operation on January 28, 1976, the patient was 


'readmitted for evaluation of left-sided weakness of two weeks dura- 


tion. Diagnostic evaluation demonstrated a tumor in the right frontal 
lobe. On February 4, 1976, the patient underwent craniotomy and 
removal of the tumor. Microscopic evaluation demonstrated that 
the tumor was a metastatic adenocarcinoma. Histologic features 
were identical with the ampullary carcinoma. The patient re- 
covered rapidly, was discharged on the eighth postoperative day 
and was well and active for several months. 

On June 19, 1976, the patient was readmitted for evaluation of 
massive hematemesis of 24 hours duration. For several weeks he 
had taken aspirin on a daily basis for control of midepigastric 
abdominal pain. Physical findings were similar to his previous 
examination. The hematocrit on admission was 30% Gastroscopy 
demonstrated stomal edema and erythema at the site of the previous 
gastrojejunostomy and copious bright red blood in the jejunum 
just beyond the stoma. No definite ulceration or bleeding point 
could be seen. 

Upper gastrointestinal barium studies also failed to demonstrate 
an ulcer or other source of bleeding. Persistent bleeding was managed 
by blood volume replacement and iced water lavage initially and 
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bland diet, antacid therapy and abstinence from aspirin ingestion 
was accompanied by cessation of bleeding. Since there was no 
recurrence of bleeding after institution of this regimen, operative 
intervention was not undertaken and the patient was discharged 
on antacids on June 24, 1976. He died at home without further 
bleeding a month later. No autopsy was done. 

Case 5. This 46-year-old white man was admitted on March 5, 
1975 for evaluation of right upper quadrant pain, nausea and vomiting 
of three months duration. The pain was constant, radiated to the 
back and was aggravated by eating. During this same period the 
patient's stools had become acholic, his urine dark and he had noted 
progressive jaundice. The patient had a strong history of ethanol 
abuse with the consumption of up to a quart of bourbon/day for 
several years. Previous management had included a cholecystectomy 
in 1973 and a Roux-en-Y cyst-jejunostomy in 1974 for dainage of a 
pancreatic pseudocyst (Fig. 6). 

Physical examination showed a well nourished but slightly 
jaundiced white male in no distress. Vital signs included blood 
pressure 110/70 mmHg, pulse 80, respirations 18 and temperature 
37°C. There was moderate right upper quadrant tenderness without 
guarding. No masses or organs were felt. Bowel sounds were 
normal as was the remainder of the examination. 

Initial laboratory data included a white blood cell count 11,700/ 
mm?, total bilirubin 2.8 mg/dl, conjugated bilirubin 2.0 mg/dl, 
amylase 50 Somogi units/L, alkaline phosphatase 850 IU/L and 
SGOT 70 IU/L. An intravenous cholangiogram did not visualize 
the common bile duct. On March 16, 1975, the patient underwent 
percutaneous, transhepatic cholangiography which demonstrated 
a stricture of the distal common bile duct. 

Following the percutaneous cholangiogram the patient was sub- 
mitted to exploratory laparotomy. At operation, an 8 cm firm cystic 
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mass was found in the indurated head of the pancreas. The re- 
maining pancreas was enlarged but without gross evidence of chronic 
inflammation. A pancreatoduodenectomy (Whipple procedure) was 
performed with excision of the old functionless Roux-en-Y jejunal 
limb. Vagotomy was not performed. Re-establishment of the gastro- 
intestinal continuity was done as shown in Figure 6. Histologic 
examination of the resected specimen demonstrated a hemorrhagic 
pseudocyst with extreme intralobar and intralobar fibrosis of the 
head of the pancreas. Impacted stones ih the proximal pancreatic 
duct were also identified. The postoperative recovery was un- 
complicated and the patient was discharged on pancreatic enzyme 
replacement on March 21, 1975. 

During follow-up, outpatient liver function studies revealed 
moderate elevations in the SGOT. A subsequent liver biopsy 
performed on December 31, 1975 revealed chronic active hepatitis 
with centrilobular fatty change. Management of this included the 
use of prednisone 20 mg every other day for several weeks. 

The subsequent course was unremarkable until February 20, 1977. 
The patient was readmitted on that date for evaluation of melena 
of two days duration. Gastroscopy showed a large friable ulceration 
at the gastrojejunostomy stoma. No active bleeding was noted 
however. Following completion of the evaluation antacid therapy 
was begun and the patient discharged. 

On July 13, 1979, the patient was readmitted for evaluation of 
nausea, vomiting and weight loss. Upper gastrointestinal barium 
study demonstrated a large marginal ulcer of the gastrojejunostomy 
stoma. Gastroscopy also confirmed the recurrence of this ulcera- 
tion. Due to the recurrence of the ulcer and functional gastric 
outlet obstruction, the patient underwent laparotomy on July 16, 
1979. At operation a truncal vagotomy was done with resection of 
the marginal ulcer and restoration of gastrointestinal continuity 
as shown in Figure 2A. His early postoperative course was com- 
plicated by anastomotic bleeding which required reoperation 12 
hours later with revision of the gastrojejunostomy. His subsequent 
postoperative course was unremarkable and he was discharged on 
pancreatic enzyme supplementation on July 27, 1979. Since dis- 
charge the patient has done well without significant diarrhea or 
abdominal pain and has gained about 25 pounds. 

Case 6. This 76-year-old white man was admitted to Vanderbilt 
Hospital with a three week history of painless jaundice, acholi¢ 
stools and dark urine on June 11, 1975. He had no nausea, vomiting 
or weight loss. Prior to the present illness, he had been in good 
health without any history of gastrointestinal or biliary tract disease. 

Physical examination revealed a deeply jaundiced white male in 
no acute distress. Vital signs included a blood pressure of 140/90 
mmHg, pulse 92 and temperature 37.4?C. The liver was palpable four 
fingerbreadths below the right costal margin. There were no other 
masses, organomegaly or abdominal tenderness noted. Rectal 
examination only demonstrated clay colored stool. 

Initial laboratory data included a PCV 41%, total bilirubin 
22.5 mg/dl, conjugated bilirubin 15 mg/dl, serum alkaline phosphate 
320 IU/L, SGOT 80 IU/L. Barium study of the stomach and duo- 
denum revealed an indentation in the second portion of the duo- 
denum. Gastroduodenoscopy did not identify any duodenal mucosal 
lesion. Cannulation of the pancreatic duct and common bile duct 
was unsuccessful. 

On June 16, 1975 the patient underwent exploratory laparotomy. 
At operation a distended gallbladder was present with a dilated 
common duct obstructed by a tumor of the distal common duct. 
No lymph nodes or other metastases were found. Based on these 
findings, a pancreatoduodenectomy (Whipple procedure) was per- 
formed. Reconstitution of the alimentary tract was established 
as demonstrated in Figure 2A. In addition, a separate cholecysto- 
jejunostomy was also performed. Microscopic evaluation of the 
resected specimen revealed a well differentiated distal common bile 
duct carcinoma without any evidence of nodal metastases. 
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The early postoperative course was uncomplicated, yet a pan- 
creaticojejunostomy leak was noted on the eighth postoperative day. 
Twelve days following operation, intermittent upper gastrointestinal 
bleeding was noted. Although the upper GI bleeding temporarily 
stopped, its massive recurrence required re-exploration on July 
6, 1975. At operation multiple bleeding superficial small gastric 
ulcerations and a 2 cm stomal ulcer were oversewn. A truncal 
vagotomy was performed. Subsequent to this procedure, there was 
no recurrence of bleeding. Repeat gastroscopy on July 13, 1975 
demonstrated healing of the ulcers. The early postoperative pan- 
creatic leak noted early in the postoperative course was success- 
fully managed by prolonged total parenteral nutrition. An upper 
gastrointestinal barium study on July 28, 1975 demonstrated no leaks 
or other abnormalities in the stomach or proximal small intestine. 
The patient was discharged on July 31, 1975. 

Follow-up evaluation on February 24, 1976 revealed no evidence 
of metastases. The patient required oral pancreatic enzyme sup- 
plementation for the control of mild steatorrhea. At present (No- 
vember, 1979) he is alive and well with no evidence of recur- 
rence of ulcer or tumor. 

Case 7. This 43-year-old white male was admitted to Vanderbilt 
Hospital for evaluation of postprandial hypoglycemia on April 30, 
1976. Presenting symptoms included episodes of mental confusion 
and syncope which characteristically had occurred from one and 
one-half to two hours after eating for the previous 15 months. On 
several occasions the mental confusion had been cleared by the 
ingestion of honey. Previous evaluation at another hospital nine 
months prior to this admission had been unrevealing and a diagnosis 
of "reactive hypoglycemia"" had been suggested to the patient. 

Physical examination showed a well developed, well nourished 
230 pound white male in no distress. Vital signs included a pulse 
88, blood pressure 124/86 mmHg, respirations 16/minute and tem- 
perature 37°C. The abdomen was nontender without palpable 
masses or organomegaly. Initial laboratory values included a fasting 
blood sugar of 77 mg/dl. A four hour glucose tolerance test was 
normal. The lowest value, 70 mg/dl, was recorded after four hours. 
However, after 45 hours of fasting the patient became confused 
and the blood sugar was recorded as 35 mg/dl, yet serum insulin 
was mildly elevated. Subsequently, Tolbutamide and leucine stimula- 
tion tests produced profound hypoglycemia with similar inappropriate 
insulin elevation. Angiographic evaluation for a pancreatic neoplasm 
was normal. 

On May 17, 1976 the patient underwent exploratory laparotomy. 
At laparotomy, a 3 cm rubbery firm mass was deep in the head of 
the pancreas close to the pancreatic duct. Excisional biopsy of this 
mass revealed an islet cell tumor with vascular and capsular invasion 
on microscopic evaluation. On the basis of these findings a pan- 
creatoduodenectomy (Whipple procedure) was performed. Lymph 
nodes in the resected specimen contained no evidence of meta- 
static disease. Vagotomy was not done. Reconstitution of alimentary 
alignment was carried out as showrrin Figure 2A. Pathologic diagnosis 
was beta-cell islet tumor of pancreas with capsular and vascular 
invasion. The postoperative course was complicated by the ap- 
pearance of a leak at the site of the pancreaticojejunostomy on the 
fifth postoperative day. This closed spontaneously however fol- 
lowing a course of total parenteral alimentation. The patient was 
discharged on June 25, 1976. ý 

Three years later the patient was readmitted on May 12, 1979 with 
a one year history of intermittent melena and abdominal „pain. 
Physical examination showed no abnormalities. Esophagogastroscopy 
demonstrated a 2 cm marginal ulcer at the site of the gastfojejunostomy. 
After preoperative preparation and transfusions the patient under- 
went transthoracic truncal vagotomy on May 14, 1979. The patient 
was discharged following an uncomplicated postoperative course on 
May 20, 1979. To date (November, 1979) the patient remains free 
of any evidence of hyperinsulinism, ulcer or metastatic disease, 
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but has mild steatorrhea which is controlled by oral pancreatic 
enzyme supplementation. 


Discussion 


Grant and van Heerden? have recently reported the 
Mayo Clinic experience with stomal ulceration in a 
large series of patients who were submitted to a Whipple 
procedure or total pancreatoduodenectomy. There 
were 297 patients who had these operations from 1960 
through 1975. Vagotomy was apparently not done in 
any patient of the series as a primary concomitant of 
pancreatoduodenectomy. Marginal ulcers developed in 
18 patients. Two additional patients with stomal ulcers 
and Zollinger-Ellison syndrome were excluded from 
their study. Among their 18 patients with stomal ulcer. 
seven (1176) had undergone total pancreatectomy and 
11 (5%) had had a Whipple procedure. The overall 
incidence of stomal ulcer in their series was 6%. The 
average interval from operation to diagnosis of ulcer 
was 1.25 years with a range of one month to 12 years. 

In our much smaller series of patients the overall 
incidence of marginal ulcer, proven and suspected, was 
18%. As seen in Table 4 all but one of our patients with 
stomal ulcers had had Whipple procedures. The interval 
between operation and diagnosis of ulcer averaged 
three years with a range of 20 days to six years. 

Of much greater significance is the high incidence of 
proven stomal ulcer (5/14) in patients who had pan- 
creatoduodenectomy without vagotomy (36%). When 
the two patients with hematemesis in whom stomal 
ulcer was suspected but not proven are included, the 
incidence of stomal ulcer in nonvagotomized patients 
. with pancreatoduodenectomy (7/14) is 50%. 

In sharp contrast is the absence of either suspected 
or proven stomal ulcers in the patients with pancreato- 
duodenectomy who had concomitant vagotomy (0/25). 

Each of the five patients with proven stomal ulcers 
of this series required operative treatment. Table 5 
lists the secondary surgical procedures used and the 
current results. In one patient a bleeding stomal ulcer 
that developed two years after a Whipple resection for 
duodenal carcinoma, responded well to transthoracic 
vagotomy for seven years, but recent episodes of 
hematemesis were demonstrated by endoscopy to be 
due to recurrent stomal ulcer. This patient is under 
treatment with antacids and Cimetidine. There have 
been no recurrences in the four other patients. 

Grant and van Heerden? have lucidly described the 
ulcerogenic potential of partial gastrectomy without 
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TABLE 5. Surgical Treatment of Stomal Ulcers 








Patient 
Number Operation Result 
2 Vagotomy, antrectemy Well 9 yr. 
3 Transthoracic vagotomy Well 7 yr. 
recurrent ulcer 
6 Vagotomy, transgastric suture Well 4 yr. 
7 Transthoracic vagotomy Well 7 mo. 
> Vagotomy, stomal resection Well 5 mo. 





vagotomy, of pancreatectomy, and of separation of 
the bile and pancreatic ducts from the gastric outlet 
when singly considered and when combined as with a 
Whipple procedure or total pancreatoduodenectomy. 
Their study showed that the chance of developing a 
stomal ulcer for a patient who survived five years after 
a Whipple procedure was 6% and for a patient who 
survived five years after total pancreatectomy, the 
chance was 18%. 

Review of the pertinent surgical literature in the last 
two decades shows only a few isolated case reports 
of marginal ulceration as a complication of pancreato- 
duodenectomy.** The classic monograph on diag- 
nosis and surgical treatment of carcinoma of the pan- 
creas by Warren and his associates? makes no mention 
of this complication. 

Our experience complements that of Grant and van 
Heerden? and underscores the ulcerogenic potential 
of pancreatoduodenectomy and the protective effect of 
vagotomy against marginal ulceration in this setting. 
It is logical to conclude that the protective effects of 
vagotomy should be added to pancreatoduodenectomy, 
especially when the disease process favors prolonged 
survival. 
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DISCUSSION 


DR. WILLIAM H. REMINE (Rochester, Minnesota): The subject 
of postoperative ulceration and hemorrhage has been particularly 
interesting to me as a result of my efforts with total pancreatectomy. 


In our first paper on the subject, we noted that very small portions 
ofthe stomach were removed along with the pancreas and duodenum, 
and it was an appreciable problem with postoperative gastro- 
intestinal bleeding. The subject of vagotomy versus increased extent 
of gastric resection was discussed, and it was decided to attempt 
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to correct the problem by increasing the amount of gastric resection 
rather than impose the possibility of postoperative vagotomy com- 
plications on a patient with pancreatic insufficiency. Our subsequent 
paper on the subject indicated that by extending the resection to 
approximately 50%, we were able to diminish our postoperative prob- 
lems by 50%. The paper presented today was of particular value 
and interest in that it gives us an opportunity to compare the two 
approaches for the reduction of gastric acidity. We are not particu- 
larly committed to one approach over the over and will be extremely 
interested in following Doctor Scott's work so that we may better 
determine which will be the better approach. 


DR. EDwARD R. WoopwaARD (Gainesville, Florida): We have 
been aware of the ulcerogenic potential of pancreatoduodenectomy 
since 1943. A patient survived a Whipple procedure only to die of a 
perforated marginal ulcer four months later. This was thought to 
occur because of absence of pancreaticobiliary secretions at the 
gastrojejunal anastomosis. It became a widely accepted practice to 
reconstruct with pancreas, bile duct, and stomach— in that order. 
In fact, this may not be important. Removal of the duodenum re- 
moves the most important source of many of the polypeptide 
hormones which provide inhibitory feedback to gastric secretion, 
thus interfering with the homeostatic "brake." Antrectomy and 
vagotomy not only reduce basal gastric secretion, but markedly 
inhibits the stimulated response. It should be used regularly as a 
prophylactic measure in pancreatoduodenectomy. We customarily 
do the vagotomy as soon as we have determined operability. Then 
this minor technical step won't get lost in the more demanding 
aspects of the operation. 


DR. GEARY L. STONESIFER, JR. (Baltimore, Maryland): I thought it 
would be of interest to the Association to point out, in follow-up 
to this paper, that the first successful one-stage rad:cal pancreato- 
duodenectomy was followed by a postoperative gastrointestinal 
hemorrhage. This case was reported by Dr. Ridgeway Trimble in 
1941, and he related that at some time in the postoperative period 
he encountered bleeding. This subsided spontaneously. 

As a result of Dr. Trimble's work, those of us who have been 
his associates have, of course, continued interest in this particular 
operation. In 1964 we decided to add vagotomy to radical pan- 
creatoduodenectomy for most of our cases. Subsequently, we 
became impressed with the fact that we were having problems with 
prolonged postoperative ileus, much longer periods of nasogastric 
intubation, and longer hospitalizations, Gastric atony, particularly 
in the elderly patient, seemed to be a serious problem. 

It is known, of course, that gastric motility is significantly de- 
pressed following vagotomy, and that when it returns within three to 
six weeks from the time of vagotomy there is often disordered 
gastric motility. One elderly patient who made the greatest impres- 
sion on us died while we were struggling to restore his gastric 
function. In none of these patients were we able :o verify outlet 
obstruction, and we were doing the operation before and sub- 
sequent to that time in the same way. 

After several years, we gave up vagotomy as a part of this 
procedure. 

In the past six months at Greater Baltimore Medical Center we 
have been routinely using cimetidine in the early postoperative period 
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for patients undergoing very major surgery. We have had no bleeding 
in that time, and we have had two radical pancreaticoduo- 
denectomies. 

These comments do not respond to the long-term problem of the 
ulcerogenic aspect of this operation, but the question is raised as 
to whether or not we do not have better ways for managing ulcers 
than vagotomy. I think the real point is that there are so many 
options now in how to approach this problem, by more extensive 
gastrectomy, by vagotomy, or by more sophisticated medical 
programs, that a study comparing the various forms of treatment 
would be very interesting. 


DR. MARK M. RAVITCH (Pittsburgh, Pennsylvania): I thought that 
Dr. Woodward would spare me the necessity of rising, because 
I’m sure he remembers perfectly well that about 40 years ago a young 
man who ultimately joined his department in Gainesville, Dr. Lester 
Dragstedt, pointed out in dogs that when you performed a total 
pancreatectomy, you created an ulcerogenic situation, and it was 
necessary to do a very substantial gastrectomy. 

I would like to absolve Dr. Scott of all responsibility for the death 
of the first patient, which he recalls. Dr. Scott was the resident. The 
patient was operated on by his chief. The patient perforated his 
ulcer on Thanksgiving Day. The chief didn't come in on that day, 
so Dr. Scott did what he thought was the best thing to do. We 
operated together, and had absolutely no trouble in safely and 
securely suturing the perforated anastomotic ulcer on the anterior 
surface of the jejunum, and autopsy disclosed that. 

It also disclosed an ulcer of equal size on the posterior sur- 
face of the jejunum which was virginal. 


DR. RicHARD H. DEAN (Closing discussion): I think a couple 
of points have been brought out by the discussants that bear com- 
ment. First of all, relative to the complications of vagotomy when 
used with pancreatoduodenectomy we have not had an associated 
high degree of early complications of delayed gastric emptying. 
Certainly, a few of these patients have, in fact, had delayed gastric 
emptying, but with prolonged gastrointestinal suction these have 
responded. 

In response to Dr. Stonesifer's question relative to the merits 
of not performing vagotomy and the subsequent management of 
patients who get marginal ulcers with cimetidine, the two most 
recent patients treated by Dr. Scott actually represent failures of 
prolonged cimetidine therapy in the management of their marginal 
ulcer. 

We certainly agree with Dr. Woodward that the side effects of 
vagotomy are minimal at the initial procedure. 

In regard to Dr. ReMine's comments relative to the complications 
that we had with vagotomy, again, the most notable one was delayed 
emptying. We have not had any problem with profound diarrhea 
other than the steatorrhea of pancreatic insufficiency. This diarrhea 
responded quite well to enzymatic replacement. 

In regard to his point relative to the one patient that was a chronic 
alcoholic, I think that it is interesting to note that our experience 
with the incidence of marginal ulceration following Whipple's 
procedure without vagotomy is much higher than the Mayo Clinic 
series or other series recorded in the literature. We have been 
somewhat confounded by this observation, yet have found no 
plausible explanation for this. 
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Duodenal Injury 


Analysis of Common Misconceptions in Diagnosis and Treatment 


LEWIS M. FLINT, JR., M.D., MARTHA MCCOY, M.D., J. DAVID RICHARDSON, M.D., HIRAM C. POLK, JR., M.D. 


Seventy-five consecutive patients who sustained injuries to the 
duodenum were admitted to our hospital over a nine-year 
period. Nineteen blunt injuries and 56 penetrating injuries 
were encountered. Blunt injuries were usually the result of 
motor vehicle accidents and steering wheel impact was fre- 
quently implicated. Penetrating injuries most commonly 
followed gunshot wounds, particularly those where the bullet 
tract travelled transversely across the peritoneal cavity. 
Seventy-nine per cent of the patients had two or more associated 
intra-abdominal organ injuries with other intestinal injuries, 
biliary tract injuries, and pancreatic injuries predominating. 
Forty-seven per cent of the patients were admitted in shock. 
Following blunt injury, diagnostic delay was encountered 
in two patients. Adjuncts to diagnosis such as abdominal 
roentgenograms, serum amylase levels, and contrast gastro- 
duodenography, were not helpful. Peritoneal lavage, however, 
was valuable in patients with equivocal physical findings. 
Intraoperative diagnosis was also challenging. Complete 
mobilization of the structures surrounding the duodenum to 
provide exposure of the entire duodenum was necessary. Six 
injuries that initially appeared trivial would have been missed 
had this procedure not been followed. Suture closure was the 
most common reparative technique used. Tube decompression 
of the duodenum was a valuable addition. No suture line 
dehiscences were encountered in ten patients so treated. Over- 
all mortality in patients surviving more than 24 hours was 12%. 


UODENAL INJURY FOLLOWING blunt or penetrating 

trauma remains one of the most challenging prob- 
lems confronting the trauma surgeon. Lacerations of 
the duodenal wall due either to penetrating or blunt 
trauma, result in leakage of bowel content which when 
combined with bacterial contamination in the arealor 
tissues of the posterior retroperitoneum makes repair 
difficult. Associated pancreatic or biliary injury adds to 
the chemical peritonitis. Significant delay in the control 
of contamination greatly enhances the likelihood of 
septic complications and anastomotic disruption. 
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Penetrating injuries to the duodenum are most often 
the result of gunshot wounds to the abdomen, 
particularly those in which the bullet tract follows a 
transverse direction across the peritoneal cavity. Since 
exploratory laparotomy is routinely employed in such 
patients, delay in diagnosis is not usually a factor 
influencing subsequent complications. However, the 
signs of duodenal injury following blunt trauma are 
often subtle.* Likewise, diagnostic maneuvers such as 
peritoneal lavage, which generally carry a low false- 
negative rate, are not thought to be as accurate in cases 
of retroperitoneal bleeding.' These factors have com- 
bined to make delayed recognition a significant prob- 
lem in patients with blunt duodenal injury. 

When duodenal laceration is confirmed, the surgeon 
must choose an appropriate method of repair. The fact 
that a wide variety of treatment options have been 
described indicates a lack of satisfaction with any one 
technique for managing the spectrum of injuries 
encountered. Following repair the surgeon may elect 
some form of duodenal decompression. 

Miller,” in 1916, cited a mortality rate of 90% for 
duodenal injuries and emphasized delayed operation 
and technical factors as major obstacles to survival. 
Although recent reviews"^ document a mortality re- 
duced to 15% or less, delayed treatment and technical 
failures continue to contribute to death and disability 
for these patients. 

This study details the recent experience of an ac- 
tive trauma unit with duodenal trauma. 


Materials and Methods 


Seventy-five consecutive patients sustaining duo- 
denal injury were admitted to University Hospital/ 
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TABLE 1. Duodenal Injury 
Men 66 
Women 9 
Blunt injury 19 
Penetrating injury . 56 





Louisville General during the nine-year period fol- 
lowing January 1, 1970. Sixty-six men and nine women 
were observed. The youngest was 13 years of age and 
the oldest seventy-five (mean: 31 years). Fifty-six pa- 
tients (77%) sustained penetrating injuries, while blunt 
trauma caused 19 injuries (23%). Demographic char- 
acteristics of the cohort of patients are depicted in 
Table 1. Each was managed according to the following 
treatment protocol. 


Management of Patients with Suspected Duodenal 
Injury 


Injured patients are admitted to a specifically 
designated area of the operating room and resuscitation 
is begun. After assurance of an airway and institution 
of measures to restore lost intravascular volume, a 
complete physical examination is undertaken. Pene- 
trating injuries of the abdominal wall are managed 
selectively. Stab wounds, suspected to enter the perito- 
neal cavity but without physical signs of peritoneal 
irritation are locally explored under Lidocaine infiltra- 
tion anesthesia. Documentation of deep penetration 
indicates exploratory laparotomy as do gunshots in 
proximity to the peritoneal cavity. 

When patients are suspected to have duodenal 
injuries as a result of blunt trauma, the decision to 
undertake exploratory laparotomy is made on the basis 
of physical findings in patients who are alert and able 
to cooperate in their physical examination. When the 
physical examination is unreliable, peritoneal lavage 
is performed using standard techniques. Discovery of 
significant volumes of blood in the peritoneal cavity 
dictates the need for exploratory laparotomy. 

The patient whois at risk for duodenal injury and who 
has a negative peritoneal lavage or equivocal physical 
findings is observed. Adjunctive methods of diagnosis, 
such as upright abdominal or chest roentgenograms 
looking for free intraperitoneal or retroperitoneal air, 
serial observations of serum amylase levels, and upper 
gastrointestinal contrast studies have been employed 
to facilitate diagnosis of duodenal injury. 


Operative Management of Patients with Duodenal 
Injury 


Preoperative broad-spectrum antibiotics are ad- 
ministered intravenously. A long, midline laparotomy 
incision is routinely used. A thorough search for intra- 
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peritoneal injuries is followed by division of the lateral 
attachments of the duodenum and the incision in the 
posterior parieties is extended from the foramen of 
Winslow around the duodenal C-loop to the junction of 
the third and fourth portion of the duodenum. The 
retroperitoneum is separated from the pancreas and the 
pancreaticoduodenal complex is elevated until the 
anterior surface of the aorta is clearly visible. The 
fourth portion of the duodenum as it passes under the 
superior mesenteric artery is exposed by elevating the 
posterior parietal attachments of the cecum and small 
intestine from lower right to upper left along the 
embryologic fusion line as described by Cattell and 
Brasch.” 

The injury is visualized and repaired according to the 
surgeon`s assessment of severity of injury, the involve- 
ment of associated organs such as the pancreas or 
biliary tract, and the general condition of the patient. 
Suture closure of transmural injuries, using two layer 
technique is preferred. Obviously devitalized tissue is 
debrided and closure affected transversely, parallel to 
the circumferential blood vessels supplying the duo- 
denal wall. Stenosis of the lumen is minimized. Large 
defects in the duodenal wall are particularly hazardous. 
When direct suture is not technically feasible, a Roux- 
en-Y duodenojejunostomy may easily cover such 
defects and allow construction of suture lines in well- 
vascularized tissue under minimum tension. Injuries to 
the fourth portion of the duodenum may be managed 
with conservative duodenectomy and direct duodeno- 
jejunostomy. Duodenal resection, diverticulization and 
pancreaticoduodenectomy are reserved for severe 
crushing injuries involving pancreas, duodenum and 
biliary tract. 

Suction drainage of the periduodenal area is indicated 
for most injuries. Tube gastrostomy, duodenostomy 
and feeding jejunostomy have recently been added for 
all lacerations exceeding 20% of the duodenal cir- 
cumference. 

Peroral nutrition is prohibited until contrast studies 
performed two to three weeks after injury demonstrate 
a secure suture line without obstruction. 


Results 
Mode of Injury 


Modes of injury are listed in Table 2. Blunt injuries 
are commonly the result of direct compression of the 
upper abdomen. Of the 13 motor vehicle accidents 
which caused duodenal injury, deceleration injury with 
compression of the epigastrium could be documented 
in ten instances. Steering wheel impact occurred in 
seven patients. Gunshot wounds dominated as the 
cause of penetrating duodenal wounds. 
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TABLE 2. Mode of Injury 








Number of 
Mode of Injury Patients 

Blunt 

motor vehicle 13 

direct blow or crush 3 

miscellaneous 3 
Penetrating 

gunshot wound 51 


stab 
miscellaneous l 





Location of Injury 


The distribution of injuries for patients sustaining 
blunt and penetrating trauma are listed in Table 3. After 
penetrating trauma, injuries were evenly distributed 
throughout the anatomic course of the duodenum. 
However, blunt trauma caused injury to the second 
portion of the duodenum in the majority of patients 
with the posterior surface of the duodenum being the 
most frequent site of perforation. 


Classification of Injury 


Injuries were classified according to severity as 
follows: 1) hematomas and contusions not requiring 
repair, 2) perforations involving less than 20% of the 
lumenal circumference; 3) lacerations involving more 
than 20% but less than 70% of lumenal circumference: 
and 4) disruptions involving more than 70% of lumenal 
circumference. Patients are divided according to type 
of injury in Table 4. 


Associated Injuries 


Isolated duodenal injury was uncommon. The most 
frequently observed associated injuries are listed in 
Table 5. Adjacent hollow visci were frequently lacerated, 
giving rise to severe intraperitoneal and retroperitoneal 
contamination. Seventy-nine per cent of our patients 
had two or more associated intra-abdominal injuries. 
Hemorrhagic shock, defined as systolic arterial pressure 
of 80 mmHg or less on admission or clinical signs of 
shock, was present in 47% of patients. Ethanol abuse 
was implicated in 19 of 75 patients (26%). 


TABLE 3. Location of Injury 








Portion 
Ist 2nd 3rd 4th Multiple 
Penetrating a 12 7 13 16 
Blunt 2 6 l 3 5 
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TABLE 4. Types of Injury 








Blunt Penetrating 
Hematoma 5 6 
Perforation *1 26 
Laceration 4 22 
Disruption 9 2 





Diagnosis of Duodenal Injury 


Physical signs of blunt duodenal injury are subtle. 
Abdominal tenderness and evidence of peritoneal ir- 
ritation were most frequent indications for laparotomy 
in patients who were conscious on admission (7 of 
19 patients). Unconscious patients and those with 
equivocal findings had peritoneal lavage which led to 
exploration of ten patients. Delay in diagnosis was 
encountered in two patients. In one of these, perito- 
neal lavage was not performed until 12 hours after 
admission, but was positive at that point. A second 
patient admitted after a beating developed positive 
physical findings 14 hours after admission. In retro- 
spect, an altered state of consciousness on admission 
should have led to an early peritoneal lavage in this 
instance. Both patients died. 

Serum amylase levels rarely indicated duodenal in- 
jury. Twenty-six determinations were done in patients 
with proven injuries and only three were elevated. Sim- 
ilarly, free intraperitoneal or retroperitoneal air was 
rarely observed. Sixty-two patients had abdominal and 
chest roentgenograms performed with upright views; in 
only three was air visible. Contrast gastroduodenog- 
raphy was employed in three patients; one study was 
positive for injury. 

All patients with evidence of peritoneal penetration 
were explored. Diagnostic delay was not encountered 
in patients with pentrating injuries. 

Intraoperative diagnostic findings were frequently 
equivocal. Obvious periduodenal hematoma, bile 
staining, or retroperitoneal gas were absent in six of 19 
patients explored for blunt injury, and transluminal 
lacerations requiring repair would have been missed in 
each of these patients had our policy of complete ex- 
posure of the duodenum not been followed. 


TABLE 5. Associated Injuries 





Liver 31 
Colon 29 
Small intestine 25 
Stomach 24 
Pancreas 20 
Vena cava 13 
Kidney 12 


Biliary tract 11 
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TABLE 6. Duodenal Injury 





Causes of Death No. Patients* 





Exsanguination 5 
Sepsis < 10 
Pulmonary embolus l 
Hepatic necrosis l 





* More than one cause in three patients. 


Mortality 


Fourteen of 75 patients died for an overal! mortality 
of 19%. Five patients died less than 24 hours after ad- 
mission due to hemorrhagic shock or massive asso- 
ciated injuries. Causes of death are listed in Table 6. 

Associated injury influenced mortality significantly. 
As the number of additional intra-abdominal organs in- 
jured rose, mortality increased. Ten of 27 patients (37%) 
having four or more additional organ injuries died while 
only six of 44 (14%) with fewer than four organs in- 
volved died. Blunt injuries resulted in a 11% mortality 
while 20% of patients with pentrating injuries died. 
Overall mortality for patients surviving more than 24 
hours was 12%. 

Reparative techniques were analyzed to assess in- 
fluences on mortality and morbidity (Table 7). Suture 
repair was possible in 45 patients. Six patients had su- 
ture-line dehiscence and resulting sepsis. Four of these 
patients died. Suture lines were buttressed with jejunal 
serosal patches in five additional patients. One nonfatal 
anastomotic leak occurred. Duodenojejunostomy was 
performed after segmental duodenectomy in three pa- 
tients and once a Roux-en-Y limb to cover a laceration. 
No suture line leaks were observed in these patients. 
One death resulted from renal failure. Isolation-drain- 
age (diverticulization) and Whipple resections were 
used infrequently. 

The influences of specific measures to decompress 
the duodenal suture line were assessed retrospec- 
tively. Duodenal decompression was used in ten pa- 
tients and most frequently was obtained by ong tubes 
passed transnasally or transgastrically through the py- 
lorus (6 patients). Foley catheter duodenostomy 
and decompressing jejunostomy were used in two 
patients each. Decompression was only used for 
lacerations involving more than 20% of the lumenal cir- 
cumference. No suture-line leaks were encountered in 
ten decompressed patients. Twenty-three patients with 
similar lacerations were not decompressed. Seven leaks 
were observed (30%), and four of the seven died. 


Discussion 


Improved outcome for patients with duodenal injury 
awaits advances in injury prevention, diagnosis and re- 
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parative techniques. Blunt duodenal injury follows up- 
per abdominal compression with ''blow-out" of the 
duodenum resulting from acute close-loop obstruction. 
Vehicular accidents account for the majority of blunt 
injuries. Steering wheel impact is commonly impli- 
cated. Six of 13 automobile accident victims in our 
series were drivers. None was wearing a seat belt. 

Duodenal contents cause a spreading, severe inflam- 
matory response in adjacent tissues; delay in repair 
leads to an increased incidence of bacterial contamina- 
tion and the need to perform suture repair in edematous 
tissue. In this series, all 17 patients operated on within 
12 hours after blunt injury survived whereas two pa- 
tients who underwent delayed operation died. Corley 
and associates’ have observed similar results and have 
suggested that frequent physical examinations will lead 
to early diagnosis. These authors suggest that personnel 
specifically trained to perform frequent examinations 
may be obtained through formation of trauma teams. In 
our patients, peritoneal lavage was particularly helpful. 
Liberalization of indications for the use of their tech- 
nique in conscious patients with equivocal physical 
findings should lead to improved diagnostic accuracy. 
Our observations indicate that roentgenographic ex- 
aminations searching for free air and blood chemistry 
studies, particularly serum amylase level, are so infre- 
quently positive that they are useless. These data con- 
firm the findings of Talbott and Shuck"! and Davis and 
associates? regarding such adjuncts. We have had little 
experience with contrast gastroduodenography. Exam- 
inations were performed in three patients who were 
later proved to have duodenal lacerations and two were 
negative. 

Intraoperative diagnosis was facilitated through the 
use of extended exposure of the duodenum. The wide 
Kocher maneuver and exposure of the fourth portion of 
the duodenum are essential elements of operative man- 
agement. Six of our patients were thought to have trivial 
injuries until exposure disclosed significant lacerations 
transgressing the full thickness of the duodenum wall. 

The frequency of associated injuries, particularly to 
other portions of the gastrointestinal tract and to the 


TABLE 7. Duodenal Injury 


Anastomotic 

Types of Repair No. Deaths Leaks 
Suture 4 
Serosal patch 
Duodenojejunostomy 

direct 

Roux-en- Y 
Anastomosis 
Isolation-drainage 
Pancreaticoduodenectomy 
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pancreas, insures that heavy bacterial contamination 
and prolonged intraperitoneal and retroperitoneal in- 
flammation will be encountered. Vigorous resuscitation 
of the patient in shock with blood, blood components, 
and balanced salt solutions is essential to the early 
management of duodenal injury. Preoperative broad- 
spectrum intravenous antibiotics are begun and con- 
tinued for 72 hours. Repair of duodenal injuries is usu- 
ally possible with suture closure. Whipple resection, 
serosal patch, or isolation-drainage are infrequently 
required. We encountered 20 patients with combined 
pancreaticoduodenal injury and found pancreatico- 
duodenectomy to be required in only three patients. 
Nevertheless, these techniques will occasionally be re- 
quired and the surgeon should be prepared to use them 
in situations of combined crushing injuries of the pan- 
creas, duodenum and terminal biliary tract. Time- 
honored principles of adequate blood supply, tension 
free suture lines and avoidance of distal obstruction are 
critical to successful duodenal repair. 

Our data support the addition of duodenal decom- 
pression to the suture repair of duodenal lacerations as 
suggested by Stone and Fabian.'’ A double jejunostomy 
tube arranged to provide duodenal compression as well 
as enteral feedings has merit. Foley catheter duodenos- 
tomy as described by Jones and associates? also pro- 
vides excellent duodenal decompression. 

Postoperatively, signs of sepsis and organ failure in 


DISCUSSION 


DR. GEORGE L. JORDAN, JR. (Houston, Texas): I was fascinated 
with Dr. Stone's experience. It differs somewhat from our own, 
however. We also treat abdominal trauma in Houston, and I would 
like to agree and emphasize his comments about exposure of the 
duodenum. The entire duodenum must be exposed. He has described 
one way, certainly, which accomplished this objective satisfactorily. 

We have usually done a more limited Kocher maneuver, taken 
down the hepatic flexure, but have, in addition, divided the ligament 
of Treitz to carefully expose the fourth portion of the duodenum 
from the other side. In this way one rarely misses an injury. 

Some years ago, we reviewed 131 consecutive patients with 
duodenal trauma. The fistula incidence was 6%. We used no 
particular protective mechanisms in that series. At that time I became 
interested in the duodenal exclusion procedures. Since then, in the 
severe injuries, we have used a duodenal exclusion procedure which 
consists simply of occluding the pylorus, forming a gastrojejunos- 
tomy, which keeps the duodenum decompressed in the early post- 
operative period. The duodenal exclusion does open at about three 
weeks, regardless of how you do it, even with staples. So it is a 
temporary exclusion of the duodenum. 

We reviewed, subsequent to our initial report, 175 patients treated 
for duodenal injuries. The fistula rate was only 2% in the total group. 
Seventy-five of those patients had duodenal exclusion procedures 
for what we considered very severe injuries. In the other 100 
patients, who had simple suture repair, we had no fistulas. Thus. 
we feel that one can separate those patients who need some extra 
protection of the duodenum from those who do not, and can use 
simple repair methods if it’s a simple wound which can be well 
debrided and properly closed. Those wounds which devitalize a 
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the postoperative period indicate the need for reopera- 
tion, debridement and drainage. Nutritional support is 
frequently indicated following duodenal injury, and oral 
alimentation is proscribed until contrast studies two to 
three weeks after injury disclose an intact repair and 
normal duodenal transit. 
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portion of the duodenum constitute a wound which, on closure, 
may constrict, or have questionable success. These are better 
treated by pyloric exclusion, done by simple decompression, and 
we would recommend this procedure instead. 


DR. H. HARLAN STONE (Atlanta, Georgia): Review of a 30-year 
experience with 321 patients who had sustained duodenal wounds 
confirmed that duodenal decompression is a very practical method 
to ensure an intact duodenal suture line. Of 57 patients who did not 
have duodenal decompression, 11 developed a duodenal complica- 
tion, usually a leak, and four of these died of that single complication. 
Of 237 patients who had duodenal decompression, there was only 
one duodenal complication. This did lead to death, however, as the 
duodenal suture line disrupted and eroded into the aortic suture 
line, with sudden exsanguination. 

We prefer to use a three tube decompression system, a gastrostomy 
with twin jejunostomies. The gastrostomy is a standard Stamm with 
Witsel jejunostomies distally. The distal jejunostomy can be used 
not only for feeding, but also for returning all collected secretions 
to the patient. 


DR. RICHARD J. FIELD, JR. (Centreville, Mississippi): My mind 
runs along simple lines, and I'd like to drop back for a moment to 
some things that tell us why early diagnosis is so important. I'd like 
to discuss particularly blunt trauma of the abdomen, the retro- 
peritoneal portion of the duodenum. 

(slide) Dr. Hardy and I became interested in this down at the 
University of Mississippi several years ago, and we have found 
that one of the most sinister and difficult problems we face is when 
the duodenum alone is ruptured. It takes only a small force to do so. 


702 


because it's essentially a closed tube of gas and liquid between 
the closed pylorus and the acute angle of the ligament of Treitz. 
A small, insignificant injury can produce a laceration. 

(slide) This is a diagrammatic illustration of what can occur. The 
important thing is the unexpected injury without muscle guarding, 
a small one; a bicycle handlebar cap do this with very little weight. 

(slide) The distressing problem, as Hiram has mentioned, is that 
there may be absolutely no signs whatsoever, except, in our 
experience, maybe an elevated pulse. The rest of the diagnostic 
procedures are not present, or not helpful. If one has vague pain 
in the upper abdomen, and the possibility of even the smallest trauma, 
he'd best beware. 

(slide) The high mortality rate is directly related to the length of 
time before surgery is carried out. The dehiscence of the suture 
line that's been so prominently mentioned is, mainly, because we 
are late getting there. The digestive juices have impaired the sides 
of the laceration, making it quite difficult to suture. I can't think 
of many more emergency situations of intra-abdominal trauma than 
the retroperitoneal rupture of the duodenum. 

(slide) Finally, I bring you this small slide that I hope you ll remem- 
ber. Early one morning I came home after successfully diagnosing 
and closing a laceration of the duodenum. I have several smart- 
aleck kids. They had put this little witch with her brew pot on their 
mother's stove, and as I walked in after going through the problems 
of diagnosing retroperitoneal laceration injury, it occurred to me that 
it is, indeed, a sinister brew; that unless we have a high index of 
suspicion, it can lead to total disaster. 

One question to Dr. Polk and his group: After hearing all the 
endoscopists speak this afternoon, I wonder if they have used 
endoscopy in looking at the first, second, and third portions of the 
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duodenum prior to surgery in any of these cases. We haven't, but 
I wonder if we shouldn't. 


DR. Lewis M. FLINT, JR. (Closing discussion): Drs. Jordan, 
Nance, and Stone delineated the controversy about decompression, 
and through their experiences have offered us practical methods of 
caring for these patients. You can detect the diversity of opinion 
which means that the problems encountered in these injuries are 
judgment challenges. 

We feel that classification of the injuries in our article, and 
perhaps in ones in the future, will allow us to make some com- 
parisons from center to center, which in the trauma literature is 
very difficult right now, because of the lack of uniform classification 
systems. 

The delay in diagnosis due to blunt injury in the retroperitoneal 
duodenum is important. We've found, in contrast to the earlier 
literature, that peritoneal lavage is very helpful, and are liberalizing 
our indications for peritoneal lavage to include not only those 
patients in whom the physical examination is equivocal: but also 
those patients with equivocal physical findings as well. 

We agree with Dr. Field that the problem in blunt injuries is truly 
the length of time that elapses prior to definitive therapy. We have 
not used endoscopy, Dr. Field, and couldn't comment on that for 
lack of experience. 

With regard to surgeons' continuing efforts to alleviate injury, 
the area of prevention is often neglected. Our review indicates that 
blunt injuries to the duodenum occurred in only one patient who 
was wearing a restraint device, reminding us that additional 
efforts to make sure that restraint devices are available and used 
are indicated. 
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Esophageal Gunshot Injuries 


P. N. SYMBAS, M.D., C. R. HATCHER, JR, M.D., S. E. VLASIS, P.A. 


During a 15-year period from August 1964 to August 1979, 48 
patients with gunshot wound of the esophagus (24 of the cer- 
vical, 17 of the thoracic, and seven of the abdominal) were 
treated at Grady Memorial Hospital. In the majority of the pa- 
tients, the initial history, physical findings, and chest roentgeno- 
grams were nondiagnostic for esophageal injury. Esophageal 
perforation was mainly suspected because the bullet tract was 
in close proximity to the esophagus or the bullet had traversed 
the mediastinum. The diagnosis of esophageal perforation was 
made by esophagography (29 patients), at the time of emergency 
surgical exploration for suspected other organ injuries (17 pa- 
tients), or by esophagoscopy (one patient). All but one patient 
were treated surgically. The surgical procedure most commonly 
used was primary repair of the esophageal wound with wide 
drainage of the mediastinum. Thirty-eight (79.2%) of the 48 
patients survived, 21 (87.5%) of the 24 patients with cervical, 
11 (64.7%) of the 17 patients with thoracic, and six (85.7%) 
of the seven patients with abdominal esophageal wounds. Ten 
patients died, three with cervical wound, six with thoracic 
wound, and one with abdominal esophageal wound. Three 
patients died intraoperatively from major bleeding and the re- 
maining seven died from the esophageal and/or other asso- 
ciated injuries, four to eight days after surgery. None of the 
seven patients who underwent primary repair with wide 
drainage and plication of the suture line with pleural flap or 
other tissue, died or developed leak at the suture line. This 
study suggests that the physical and roentgenographic findings 
in patients with esophageal injury are often nondiagnostic and 
frequently are masked by coincidental injury to other organs. 
Hence, a high index of suspicion is required for the diagnosis of 
esophageal injury from gunshot wounds and esophagography 
should be performed as soon as the patient's condition is stable 
in all patients who present with a missile wound in close 
proximity to the esophagus or traversing the mediastinum. All 
patients with perforation of the esophagus from bullet wounds 
should be operated upon as soon as possible after the diagnosis 
is made. Wide drainage of the mediastinum and primary repair 
of the esophageal wound and plication of the suture line with 
parietal pleura or gastric fundus provide the best possible 
results. 


UNSHOT WOUNDS OF THE ESOPHAGUS in most re- 
G ported series forms a small percentage of esopha- 
geal perforations.^?*5 With the current increase of 
patients with gunshot wound injury and the improve- 
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ment of their transportation to medical facilities, the 
incidence of esophageal gunshot wounds may be ex- 
pected to increase. The purpose of this communication 
is to review our last 15 years' experience with gunshot 
wounds of the esophagus. 


Materials and Methods 


From August 1964 to August 1979, 48 patients with 
gunshot esophageal injury were diagnosed and treated 
at Grady Memorial Hospital. There were 24 cervical, 
17 thoracic, and seven abdominal esophageal wounds 
with the patients' ages ranging from 16 to 67 years. The 
admission symptoms and clinical findings were nondiag- 
nostic of esophageal injury and included, in addition to 
the presence of one or more penetrating wounds, 
bleeding from the mouth in eight patients, dyspnea in 
five patients, hemoptysis in three patients, stridor in 
one patient, dysphagia in two patients, hoarseness in 
two patients, subcutaneous emphysema in ten patients, 
rigid and tender abdomen in nine patients, shock in 
13 patients, mediastinal crunch"! in two patients, de- 
creased breath sounds in six patients, neck hematoma 
in two patients, hemopericardium in one patient, occult 
blood in nasogastric tube drainage in two patients and 
one patient had a cold and clammy right arm. The 
admission chest roentgenograms were also nondiagnostic 
of esophageal injury and showed widening of medi- 
astinum in four patients, pneumothorax or hemopneu- 
mothorax in 17 patients, subcutaneous emphysema in 
11 patients and a foreign body in close proximity to 
the esophagus in eight patients. The diagnosis of esopha- 
geal injury in all patients was mainly suspected because 
the bullet was in close proximity to the esophagus or 
had traversed the mediastinum. The diagnosis of 
esophageal perforation was established by esophagog- 
raphy in 29 patients, at the time of emergency surgical 
exploration for suspected other internal injuries in 17 
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Fic. 1. Diagram of repair of thoracic esophageal wound and plication 
of the suture line with a parietal pleural flap. 


patients, at esophagoscopy in one patient, or the diag- 
nosis was made in one patient after a bullet initially 
thought to be in the hilum of the left lung traversed 
the gastrointestinal tract and passed through the rectum. 
Two patients were reported as having no extravasation 
of radiopaque material during esophagography. How- 
ever a later review of the lateral projection of the esopha- 
gogram of one patient showed extravasation of small 
amount of radiopaque material. The initial esophago- 
grams of the second patient could not be located for a 
review, thus, it is unclear whether the esophagogram 
was reported as falsely negative. Of the 48 patients 
with gunshot wounds of the esophagus, nine patients 
had three or more associated other organ injuries, 14 
patients had two and 12 patients had one other organ 
injured. Eight patients had concomitant tracheal or 
bronchial injury with tracheoesophageal fistula. Co- 
existing cardiac or vascular injuries included injuries 
to the heart in three patients, aorta in three patients, 
superior vena cava in one patient, superior vena cava 
and azygos vein in one patient, carotid artery in one 
patient, subclavian artery in one patient and internal 
jugular vein in one patient. 
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All but one patient were treated surgically with a 
mean delay time between the injury and surgery of 5.2 
hours. Delays as long as 14, 16, and 24 hours did occur, 
most often due to the delay of transporting the patient 
to a medical facility. 

Twenty-two patients with cervical esophageal wounds 
were treated with wide drainage of the adjacent area 
and primary repair of the wound. One patient had a 
primary repair and plication of the suture line with 
homohyoid muscle flap and in one patient an esophago- 
cutaneous fistula was created with the proximal seg- 
ment of the injured esophagus, while the distal esopha- 
geal segment was suture ligated. 

Ten patients with thoracic esophageal injury were 
treated with primary repair and wide drainage of the 
mediastinum and the pleural space(s). Two patients 
had, in addition, inforcement of the esophageal suture 
line with pleural flap (Fig. 1). In two patients, because 
reconstruction of the esophagus was not considered 
safe due to the extensive injury of the esophagus or 
to other organs. the esophageal segment proximal to the 
injury was exteriorized in the neck and the distal esoph- 
ageal segment was suture ligated. One patient who had 
no symptoms or signs or plain roentgenographic evi- 
dence of esophageal perforation was treated nonopera- 
tively. The diagnosis in this patient was suspected 48 
hours after the injury when the bullet, which appeared 
on the admission frontal chest portable roentgenogram 
to be in the hilum of the left lung, was found to have 
migrated to the abdomen. The diagnosis of esophageal 
perforation in the patient was established four days 
later when the migrating bullet passed through the 
rectum. 

Two patients with abdominal esophageal wounds 
were treated with primary repair alone, and two patients 
had a primary repair and reinforcement of the suture 
line with the fundus of the stomach. In two patients, 
because the injury to the esophagus was too extensive, 
the esophageal segment proximal to the wound was 
exteriorized into the neck while the distal esophageal 
segment was suture ligated. 

Thirty-eight of the 48 patients with esophageal perfo- 
ration survived (21 of the 24 patients with cervical, 11 
of the 17 patients with thoracic and six of the seven pa- 
tients with abdominal esophageal wounds) with an over 
all survival rate of 79.2%. The survival rate for the 
cervical esophageal wounds was 87.5%, 64.7% for the 
thoracic wounds, and 85.7% for the abdominal esopha- 
geal wounds (Table 1). Of the ten patients who died, 
three patients died intraoperatively from bleeding. Two 
of these three patients had a thoracic esophageal 
injury, one had an associated wound of the superior 
vena cava and the azygous vein and the other patient 
had multiple injuries. The third patient, with an ab- 
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dominal esophageal wound, had multiple gunshot 
wounds of the chest and abdomen with injury to the 
aorta, spleen, liver, kidney, colon and stomach. Four 
patients had associated severe multiple organ injuries. 
Two of them with wound of the cervical esophagus 
had spinal cord transection and the other two, one with 
a cervical and the other with thoracic esophageal 
wounds, had extensive tracheal injury and both of them 
died from cardiorespiratory failure five and six days, 
respectively, postinjury. The remaining three patients 
all with thoracic esophageal wounds, who were operated 
on between 12 and 36 hours after injury and underwent 
primary repair with mediastinal drainage, developed 
leakage at the suture line with mediastinal and pleural 
empyema formation and subsequently died. None of the 
patients who had plication of the suture line, in addition 
to the primary repair of the wound and drainage of the 
adjacent area, died. 

Of the 34 patients who had primary repair and drain- 
age of the mediastinum or cervical area, ten developed 
leak at the suture line. None of the five patients who 
had plication of the suture line with parietal pleural 
flap or with other adjacent tissue, in addition to the 
primary repair, had leakage at the suture line (Table 2). 
All suture line leakages were managed with dependent 
drainage and the suture line healed in all surviving 
patients without stricture formation. 


Discussion 


The increasing incidence of gunshot wounds in civilian 
life and the improvement of the transportation and re- 
suscitation of these victims has resulted in an increase 
in the number of esophageal gunshot wounds treated at 
medical facilities.! 

Due to the frequent coexistence of other organ in- 
juries, the clinical manifestations of a bullet wound of 
the esophagus are easily attributed to other more obvi- 
ous organ injuries. Perforation of the cervical esophagus 
may be accompanied by pain, local tenderness and sub- 
cutaneous emphysema as well as by resistance of the 
neck to passive motion. Injury of the thoracic esophagus 


TABLE l. Number of Patients with Esophageal Wound 
Who Recovered from Their Injuries 








Cervical Thoracic Abdominal Total 
Primary repair 19/22 7/10 2/2 28/34 
Primary repair and 
plication 1/1 2/2 2/2 5/5 
Exteriorization 1/1 1/2 2/2 4/5 
Exploratory surgery 0/2 0/1 0/3 
No surgical therapy 1/1 1/1 
Total 21/24 11/17 6/7 38/48 
(87.5%) | (64.702) (85.7%) (79.2%) 
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TABLE 2. Number of Patients Who Developed 
Esophageal Suture Line Leak 


Abdom- 
Cervical Thoracic inal Total 
Primary repair 4/22 * 6/10 0/2 10/34 (29.4%) 
Primary repair and 
plication 0/1 0/2 0/2 0/5 
Exteriorization 0/1 0/2 0/2 0/5 
Total 4/24 6/14 0/6 10/44* (22.7%) 


* Three intraoperative deaths from bleeding and one was not oper- 
ated on. 


may manifest with chest pain, subcutaneous emphysema 
of the neck, mediastinal *‘crunch,”’ various degrees of 
respiratory embarrassment, and shock. Abdominal 
tenderness and rigidity are the most common clinical 
manifestations of a gunshot wound of the abdominal 
esophagus. Widening of the superior mediastinal shadow, 
subcutaneous emphysema of the neck, and increased 
prevertebral shadow are the chief roentgenographic 
signs that are frequently found in cervical esophageal 
perforation. Widening of the whole mediastinal shadow, 
mediastinal emphysema and hemothorax, pneumo- 
thorax, or hemopneumothorax are the common roent- 
genographic signs observed in perforation of the thoracic 
esophagus. All the above clinical and roentgenographic 
manifestations, for the most part, are nonspecific and, 
when present, can be due to or attributed to other 
cervical, thoracic, or abdominal organ injury. Therefore, 
a high index of suspicion must be exercised when 
gunshot wounds of the neck, chest or upper abdomen 
are present in order to make an early diagnosis of 
esophageal perforation (Fig. 2). 

Esophagography has been of great value in diagnosing 
esophageal perforation in patients with a bullet wound 
in close proximity to the esophagus and in those pa- 
tients in whom the bullet has traversed the mediastinum 
(Fig. 2). An esophagogram should be performed in all 
patients with such an injury as soon as the patient's 
condition is stable. Both frontal and lateral projections 
should be obtained both during and after the radiopaque 
material has been swallowed. If, however, the patient's 
condition does not allow the performance of esophagog- 
raphy and if immediate surgical intervention is neces- 
sitated because of bleeding or other suspected injury, 
the possibility of esophageal perforation should be ex- 
cluded before the termination of the operative procedure 
by exploring the esophageal segment that may have been 
injured or by esophagoscopy. 

Although the management of esophageal perforation 
from other causes has been somewhat controversial, 
it is our feeling that all patients with suspected perfo- 
ration of the esophagus from a bullet, should have a 
nasogastric tube inserted and low suction applied, oral 
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FiG. 2A. Admission chest roentgenogram in a patient with bullet 
wound of the right chest and the bullet imbedded in the left axilla. No 
evidence of mediastinal widening or pneumomediastinum is noted. 


alimentation suspended, and intravenous fluids and 
broad spectrum antibiotics administered as soon as the 
diagnosis is suspected. After the diagnosis is estab- 
lished, the patient should be operated on as soon as 





Fic. 2B. Esophagogram shortly after admission showing tracheo- 
esophageal and esophagopleural communications. 
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possible. The wound should be repaired, if possible, 
and the adjacent area widely drained. The suture line 
of abdominal and thoracic esophageal wounds, as well 
as cervical esophageal wounds with coexisting injury 
of a neighboring large artery or of the trachea, should 
be plicated with a well vascularized flap. In thoracic 
esophageal wounds, a parietal pleural flap is constructed 
and placed over the wound and around the esophagus 
(Fig. 1). When there is a coexisting tracheal injury, 
an additional pleural flap may be constructed and placed 
over the tracheal wound. A wound of the abdominal 
esophagus can be protected by plication with gastric 
fundus, whereas in cervical wounds, a muscle flap from 
the sternocleidomastoid or homohyoid can be used. 

Previous study of tissue debrided from edges of the 
gunshot wound of the esophagus demonstrated diffuse 
hemorrhage involving all layers of the esophageal wall, 
acute coagulation necrosis of the muscle fibers and acute 
inflammatory reaction.” Debridement of the edges of 
the wound of the esophagus before its repair, in a small 
number of patients, did not appear to favorably influ- 
ence the healing of the wound.” Since then, the repair 
of the esophageal wound has been done without de- 
bridement of its edges and lately plication of the suture 
line has been used with gratifying results. 

For perforations of the esophagus located below the 
aortic arch, concommitant gastrostomy and feeding 
jejunostomy is of great value. In a case where there 





Fic. 2C. Esophagogram seven days after primary repair of both 
tracheal and esophageal wound and plication of both suture lines with 
two different pleural flaps. 
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is a significant loss of esophageal wall, which renders 
the safe repair of the esophageal wound impossible, 
the procedure of choice, in addition to wide drainage 
of the mediastinum, is the exteriorization of the esopha- 
geal segment proximal to the injury. The distal segment 
is then closed and a pyloroplasty and gastrostomy are 
performed. The esophageal continuity in these patients 
is established at a later date, after all other wounds 
have healed. Following the repair of the esophageal 
wound, the nasogastric or gastrostomy tube is con- 
nected to low constant suction, which is continued 
until the seventh postoperative day when esophago- 
graphy is performed. During this period, depending 
on the patient's postoperative nutritional status, he is 
either maintained with intravenous fluid administration 
or preferably with hyperalimentation, either administered 
parenterally or through a long fine tube passed transnasally 
or through a previously placed jejunostomy. If the pa- 
tient’s clinical picture, however, is not satisfactory 
and/or there is suspicion of leakage of the esophageal 
suture line from the chest roentgenographic pictures, 
esophagography should be performed immediately. This 
will demonstrate a suture line leak, if such is present, 
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and will show where a loculated empyema is located 
and whether there is sufficient drainage through the 
thoracostomy tube or if additional drainage should be 
provided. In a case where there is leakage of the esopha- 
geal suture line, wide and dependent drainage of the 
area should be secured and hyperalimentation con- 
tinued until the wound is healed. With these measures 
and the administration of the appropriate antibiotics, 
the esophageal wound usually heals without any luminal 
impairment. 
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DISCUSSION 


DR. EDWARD F. PARKER (Charleston, South Carolina): I want 
to mention a diagnostic technique which we have found exceedingly 
important; and that is the superiority of esophagography over 
endoscopy, as he showed in his slides. During esophagography we 
have found that the patient's swallowing a contrast medium is not 
adequate, especially if the perforation is in the neck, which is not 
subject to the negative intrathoracic pressure. So that in addition 
to any swallow—and frequently the patient is unconscious, and 
unable to swallow— we use an endoesophageal catheter and inject 
the contrast medium under pressure, and that has shown per- 
forations that were not detected otherwise. 

On the same basis, during operation, when perforation is known 
to be present, or when it is suspected and was not demonstrated 
by esophagography and the entire thoracic esophagus is exposed, 
we have found also that injection through a catheter, under pressure, 
will disclose a perforation that might otherwise not be detectable 
because of its small size. 

I do feel that those additional tactical factors have been of great 
help to us. 


DR. PANAGIOTIS N. SvMBas (Closing discussion): The point that 
Dr. Parker raised is an excellent one. Certainly with the intra- 


esophageal injection of methylene blue, the hole in the esophagus 
will be demonstrated if it is in the operative field and it is not sealed. 
An even better way, perhaps, in identifying the esophageal injury is, 
after having poured saline in the chest, a vigorous injection of air 
in the esophagus through an oroesophageal tube will be followed 
with air bubbling through the hole of the esophagus if esophageal 
injury is present. 

In order, however, either of these two modalities, to be diagnostic 
the injured esophageal segment has to be dissected off the mediastinal 
structure so that the exit of the injected dye or air through the hole 
will not be impaired by adjacent tissue. Because of the limitation of 
these diagnostics modalities, whenever there is a question of a pos- 
sible esophageal injury, esophagoscopy should be performed before 
the termination of the procedure, if esophagography was not 
feasible to be done before surgery. The patient with an aortic injury 
that I cited in my presentation at the time of the repair of the aorta 
and the partial exploration of the esophagus, both air and methylene 
blue were injected in the esophagus but neither one was seen in 
the operative field because the injured segment of the esophagus 
had not been dissected off the mediastinal structures. The esophago- 
scopy, however, before the termination of the operative procedure 
disclosed the strongly suspected esophageal injury which was then 
successfully repaired. 


Carotid Endarterectomy Without Temporary 


Intraluminal Shunt 


Study of 309 Consecutive Operations 


DAVID A. OTT, M.D., DENTON A. COOLEY, M.D., F.A.C.S., LIBERATO CHAPA, M.D., ALDEMIR COELHO, M.D. 


A prospective study was undertaken to determine the efficacy of 
performing carotid endarterectomy without an intraluminal 
shunt. During a two-year period, 240 patients, ranging in age 
from 36 to 89 years, underwent 309 consecutive carotid 
endarterectomies. The indication for operation was transient 
ischemic attacks in 151 (63%) patients, asymptomatic carotid 
bruit in 67 (28%), and previous stroke in 22 (9%). Internal 
shunts were not used in any patients and all arteriotomies 
were patched with a preclotted knitted Dacron” velor patch. 
Systemic heparinization was used during the procedure. The 
early postoperative mortality was 0.64% (2/309). Both deaths 
were caused by myocardial infarction. The incidence of stroke 
after operation was 1.29% (4/309). Neither carotid clamp time 
nor the presence of contralateral disease correlated with the 
occurrence of postoperative stroke. According to results 
of angiography, 22 patients had total occlusion of the contra- 
lateral internal carotid artery with satisfactory intracranial 
circulation. No postoperative strokes occurred in this subgroup. 
Results of this study revealed that equally good or superior 
results may be obtained without a temporary shunt in 
performing carotid endarterectomy. 


WENTY-FIVE YEARS AFTER the advent of carotid 
d endarterectomy (CEA), controversy continues 
regarding the necessity of intraluminal shunting during 
the procedure. Excellent results, both with and 
without shunts, have been reported in numerous 
series .?:3:8:9.18.21,24,25,30.33 Our results of CEA without 
temporary shunting are equally good or superior; and 
we have noted that shunting does not prevent post- 
operative stroke even in patients in whom shunting 
theoretically should be indicated, i.e. those with contra- 
lateral stenosis or total occlusion.*7:6:17:20.21:23:24.27,30 
Accordingly, an analysis was undertaken of our results 
with patients who underwent CEA without an 
intraluminal shunt, regardless of anatomical or other 
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considerations, during a two-year period. The data are 
presented in this report. 


Materials and Methods 


From 1977-1978, 309 consecutive CEAs were per- 
formed in 240 patients who ranged in age from 36 to 89 
years. The age distribution of these patients revealed 
that 72% of them were in the range of 50 to 70 years 
(Fig. 1). Among the patients, 157 (65.4%) were men and 
83 (34.606) were women. 

Evidence of generalized atherosclerotic disease else- 
where in the cardiovascular system was present in 181 
(75%) patients in this series— with 59 (24%) having 
various types of atherosclerotic peripheral vascular 
occlusive disease; 18 (7.5%), aneurysms of the ab- 
dominal aorta; and 104 (43%), some manifestation of 
cardiac abnormality according to history or results of 
radiographic, electrocardiographic or physical exami- 
nation. 

Indications for operation are summarized in Figure 2 
and include transient attacks of ischemia, asympto- 
matic carotid stenosis, and previous stroke. Preopera- 
tive angiographic studies were performed in all patients, 
using the Seldinger technique in most, with views re- 
corded of the aortic arch as well as the intracranial 
and extracranial carotid and vertebral arterial systems. 
Unilateral stenosis of the carotid artery with or with- 
out ulceration was present in 138 (57.5%) of the patients 
who required surgery (Fig. 3). Bilateral stenotic lesions 
occurred in 80 (33.3%) patients. Total occlusion of the 
contralateral internal common carotid artery was 
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present in 22 (9.2%) patients, and none developed post- 
operative neurologic complications. 

Fifty-seven patients who underwent major con- 
comitant procedures at the time of CEA were analyzed 
separately and divided into two groups. Group I in- 
cluded 29 patients who had CEA performed con- 
comitantly with a procedure requiring cardiopulmo- 
nary bypass (CPB)— myocardial revascularization 
in most. Group II was comprised of 28 patients who 
had CEA with a procedure involving the abdominal 
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Fic. 2. Indications for carotid endarterectomy. 
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aorta, including resection of an aneurysm of the 
abdominal aorta, aortofemoral bypass, or revasc- 
ularization of the renal or mesenteric artery. 


Surgical Technique 


The basic principles used in performing CEA at the 
Texas Heart Institute have been described previously 
(Table I) (Figs. 4a and b).'? To slow cerebral metab- 


BILATERAL 
STENOTIC 
DISEASE 


33.3 % 
(80) 


UNILATERAL 
STENOTIC 
DISEASE 





FiG, 3. Results of preoperative angiographic study in patients re- 
quiring carotid endarterectomy. 
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TABLE 1. Technique of Carotid Endarterectomy Used 
at the Texas Heart Institute 





Deep general endotrachial anesthesia 
Normothermia 

Normocarbia " 

Normal or slightly elevated blood pressure 
Careful positioning of patient 

Avoid peripheral nerve injury (hypoglossal, facial, vagus) 
Gentle manipulation of carotid artery 

Systemic heparinization 

No shunt 

Adequate endarterectomy under direct vision 
Dacron velour patch angioplasty (most patients) 
Avoid emboli (air or atheromatous debris) 
Avoid hypotension in the postoperative period 





olism, relatively deep general anesthesia was induced, 
using inhalation anesthetics and a large dose of thio- 
pental administered intravenously. Body temperature 
and the pressure of carbon dioxide were maintained in 
the normal range. Mean blood pressure was adjusted to 
a normal or slightly elevated level for each patient, 
both during and after the procedure. When the patient 
was positioned for operation, special care was taken to 
avoid undue manipulation or hyperextension of the 
neck. The carotid artery and its branches were handled 
gently with only enough of the vessel dissected to 
allow satisfactory placement of the clamps proximally 
and distally. Systemic heparinization and reversal 
with protamine sulfate was used in all patients. 

Under direct vision, meticulous CEA without a shunt 
was performed, and the artery was closed with a pre- 
clotted knitted Dacron® velour patch in all patients 
(Fig. 4). Care was taken to avoid embolization of air 
or entry of atheromatous debris into the internal carotid 
system. 


Results 


The early postoperative outcome of 309 consecutive 
CEAs without intraluminal shunting is summarized in 
Table 2. All patients who awoke from surgery with, 
or who developed, a neurologic deficit during the post- 
operative period without adequate explanation are 
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included in the results. Four (1.3%) patients suffered 
permanent neurlogic deficits following surgery: six 
(1.9%) others demonstrated mild and transient deficits 
which were reversed completely within a few days of 
operation. No permanent neurologic deficits occurred 
in the 102 patients who had either complete occlusion 
or significant stenosis of the contralateral artery at the 
time of surgery, although two (1.9%) of these patients 
demonstrated transient deficits. 

Operative mortality (within 30 days postoperatively) 
for the entire group was 0.64% (two patients). Both 
deaths occurred because of a myocardial infarction on 
the second and third postoperative days, respectively. 

Carotid artery clamp time was less than 20 minutes 
in 216 patients (70%) and greater than 20 minutes in 93 
patients (30%). No correlation was noted between 
carotid clamp time and the incidence of stroke after 
endarterectomy in any of the subgroups in this series, 
although the low incidence of stroke in all groups 
probably makes statistical comparison invalid. This 
finding has been noted previously.*'??* Among these 
patients who underwent concomitant procedures, in 
group I (CEA with CPB) one (3.4%) stroke occurred, 
and one (3.4%) patient died. The cause of the single 
death was related to the cardiac disease, namely sudden 
cardiac arrest caused by myocardial infarction on the 
fifth day after operation. 

In group II, (CEA with associated procedure of the 
abdominal aorta), three postoperative neurologic 
deficits occurred — two (10.7%) of which were directly 
responsible for the death of the patient (Table 3). Two 
other deaths occurred in this group because of mes- 
enteric infarction. 


Discussion 


In our series of patients who underwent CEA without 
shunting, the 1.3% incidence of permanent neurologic 
deficit compares favorably with other reported series, 
both with and without shonin TP are een eee 
Noteworthy is the absence of a postoperative deficit 
in the 102 patients who had either complete or partial 


TABLE 2. Early Postoperative Results of Carotid Endarterectomy Without A Shunt in 309 Procedures 





Postoperative Neurologic Deficit 


Operative 
Permanent Temporary Mortality 
Angiographic No. of 
Data Operations No. Ot No ot No % 
mee TS. ns JOE SE Fe Ek ar ee, a | ly uota -E 
Unilateral disease 207 4 1.9 4 1.9 2 1.0 
Contralateral disease 
Stenotic lesion 80 — | 1.2 — 
Complete occlusion 22 = l 4.5 — 
Total 309 4 1.3 6 I 2 0.64 
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TABLE 3. Carotid Endarterectomy With 
Concomitant Procedures 








Postop- 
erative Operative 
° Stroke Mortality 
No. of —————— 
Procedure Operations No. % No. % 
Cardiac 29 | 3.4 l 3.4 


(requiring cardiopulmo- 
nary bypass) 


Abdominal aorta 28 3 10.7 4 14,2 


(aneurysm of ascending [2 strokes 
aorta, aortofemoral by- & 2 mes- 
pass, mesenteric and re- enteric 
nal revascularization, etc.) infarc- 
tions] 





occlusion of the contralateral carotid artery at the time 
of surgery. These results provide clinical evidence that 
cross circulation from the opposite internal carotid 
artery is not necessary for maintaining cerebral integrity 
during CEA. Collateral circulation from the vertebral 
system apparently provides adequate perfusion to sus- 
tain cerebral viability during carotid clamping in these 
patients, *2525? For this reason, careful anteriographic 
interpretation of the intracranial circulation may be 
important to ensure that adequate circulation through 
the circle of Willis exists, although no significant ana- 
tomic abnormalities were noted in our series. 

These findings also serve to suggest why the rate of 
stroke is virtually the same regardless of whether a 
shunt is used, i.e. most strokes after CEA probably 
are caused by emboli that occur either spontaneously 
or secondary to positioning of the patient, manipula- 
tion of the artery, or insertion of a shunt.?^?^" Un- 
recognized intimal dissection during insertion of a 
shunt after closure of the artery may account for other 
instances of operative stroke (Fig. 4).'* The presence 
of the intraluminal shunt often interferes with the 
technical performance of the distal dissection and 
repair of the arteriotomy particularly when the lesion or 
bifurcation is in an unusually cephalad location. 

Some may question our use of a fabric patch graft 
as an arterioplasty in all patients. In patients with an 
unusually small caliber internal carotid artery a direct 
repair patch graft can compromise the lumen leading to 
early stenosis and thrombosis. Moreover. late cicatricial 
stenosis may occur when the arteriotomy is closed 
directly. We have never encountered this complication 
in our patients in whom the patch graft technique 
was used. 


Carotid Endarterectomy and Concomitant Procedures 


The patient undergoing carotid endarterectomy 
often must have concomitant major surgical pro- 
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cedures. We have not resolved the question of whether 
to combine CEA and intrathoracic, intra-abdominal, or 
major surgery on an extremity. For patients under- 
going cardiopulmonary bypass (CPB) with hemodilu- 
tion techniques, as customarily used in our hospital, 
the incidence of neurologic complications has been 
higher than when CEA is performed separately. The 
reason for this is unclear, but one can speculate that 
patients are more susceptible to cerebral edema when 
the hematocrit level is reduced to a range of 20-30 g/dl. 
Perhaps this is attributable to alterations in the so- 
called blood brain barrier." Moreover, fluctuations in 
blood pressure during CPB may be responsible. When 
the combined procedures of CEA and CPB are per- 
formed, one might find theoretical justification for per- 
forming CEA before CPB or completing CPB before 
CEA. Based on results of limited experience with the 
combined procedure, we have concluded that the 
operations are more safely done separately even 
though two administrations of general anesthesia are 
necessary thus incurring the additional expense of time 
and money to the patient. 

Another vexing problem is the finding in our series 
of a 10.7% incidence of neurologic complications 
among patients undergoing concomitant CEA and 
major vascular procedures such as resection of an 
aneurysm of the abdominal aorta or aortofemoral 
bypass for aortoiliac disease. Explanation for this may 
be found in the blood pressure changes with temporary 
occlusion and release of the abdominal aortic clamp, 
but in most patients the explanation has not been ob- 
vious. Perhaps the increased susceptibility is related 
to hematologic factors including the need for blood 
replacement in some of these patients. While these 
questions remain unsettled, the surgeon must approach 
the individual patient with the knowledge that some 
risk of neurologic complication exists regardless of 
whether CEA is done as a separate procedure or com- 
bined with other more extensive operative procedures. 


Conclusion 


Our purpose in this paper is to demonstrate the safe 
performance of carotid artery endarterectomy without 
an intraluminal shunt, not to condemn its use. The 
surgeon who obtains satisfactory results using the 
shunt should continue to do so. Our experience, how- 
ever, reveals that equally good or superior results may 
be obtained without a shunt, and the surgeon who 
prefers the nonshunting technique could not be held 
liable for negligence if a neurologic complication de- 
velops after operation. The data presented herein con- 
firm that excellent clinical results can be achieved pre- 
dictably and safely without a temporary shunt, even 
in patients with contralateral partial, or total obstruc- 
tion, of the carotid artery. 
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DISCUSSION 


Dr. Jesse E. THOMPSON (Dallas, Texas): Dr. Cooley's results 
are excellent and they speak for his point of view: namely, end- 
arterectomy without a shunt, but with routine patch grafting. 

I don t think the patch graft is any real problem. I use it when the 
artery is small. There are no hard figures for comparison, but 
endarterectomy without a patch gives excellent long-term patency 
rates, of better than 95%. 

I think the use of a shunt, however, is another matter, and there 
is a second prevailing point of view, held by the majority of vascular 
surgeons; and that is that carotid endarterectomy should be per- 
formed with a shunt, either routinely, which I personally prefer, 
or selectively, based on an estimation of the adequacy of cerebral 
collateral circulation. 

Now there are cogent reasons for the existence of this point of 
view. Those patients with the most severe forms of cerebral 
vascular disease, who need revascularization the most, simply 
cannot tolerate carotid clamping without experiencing a neurologic 
deficit, unless cerebral protection is employed. The literature is 
replete with examples of such cases; and, in fact, Dr. Cooley 


alludes to this in his abstract with his last three words, ''nearly 
every case." 

William Baker in Chicago, the most avid nonshunter at present, 
reports a stroke incidence of 6.6% in those patients operated on 
whose opposite carotids were totally occluded, in contrast to our 
results of less than 1% with a shunt. 

To date, the best reported mortality and morbidity results are 
those where routine shunting has been used, with selective shunting 
running a close second. 

Thus how one performs carotid endarterectomy, as Dr. Cooley 
stated. comes down to a matter of personal preference based on 
experience. This is an acceptable position, provided the results 
are acceptable; and Dr. Cooley's results are certainly acceptable. 
But many other surgeons, at whatever level of training— residents, 
fellows, et cetera— whose past experiences, current volume, clamp 
time, and expertise differ from Dr. Cooley's, will not be able to 
duplicate his results, and would, therefore, be best advised to use 
shunts, whether routinely or selectively, based on stump pressure 
levels, EEG findings, or neurologic testing under local anesthesia. 
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In my own experience, especially in teaching surgical residents 
and vascular fellows, I have found the shunt to be ar invaluable 
adjunct in achieving maximum patient safety. 


Dr. C. DoviE Haynes (Opelika, Alabama): In my personal 
series of 334 patients we had a mortality rate of 0.089% —three 
deaths. Seven patients had neurosurgical deficit. Three of these 
deaths resulted from that. 

We do not think the three deaths are related to the shunt, because 
we had autopsies-on all three patients, and two of them bled in the 
head, back before we realized that some TIA's are really strokes. 
One had a vertebral thrombosis. 

We had only one permanent neurologic deficit in the four other 
patients with neurological deficits. 

All of our patients were shunted. We had only 16 asymptomatic 
patients in our series, which comes to 4.7%. 1 guess we just don't 
get sent the patients that are asymptomatic very often. 

I’m not sure about whether we should use a shunt or not. Certainly, 
I think it's our preference. But I do think that residents should be 
taught to use the shunt, and that the use of the shunt probably 
prevents stenosis of the internal carotid artery as one is closing this. 


DR. ALTON OCHSNER, JR. (New Orleans, Louisiana): 1 would 
agree with the Houston group that permanent neurologic deficit, 
whether we use a shunt or not, is to be expected in about one out 
of 200 cases. The thing that makes me feel there must be people who 
need shunting is that we recognize that 50% of people have an in- 
complete circle of Willis, and that there are a significant number 
of people in every series that have transient ischemia after these 
operations. And it's to these that I try to address myself. and use 
a shunt when 1) there has been a recent stroke, 2) the angiogram 
suggests an incomplete circle of Willis, 3) when I plan to use a 
patch graft, and 4) there is no good backflow from the distal internal 
carotid artery, particularly after balloon catheter exploration. 

I cannot accept the routine use of patching because of my own 
experience. It has been in the patched arteries that I have had 
aneurysms subsequently occur. But I would like to endorse the 
conclusion of Dr. Cooley that not using a shunt should not be a 
legal liability! 


Dr. PETER HAIRSTON (Charleston, South Carolina): You may 
remember that in 1976, as Dr. Cooley alluded, we presented a series 
of patients (slide) representing a collected series of 240 cases per- 
formed by 15 surgeons in four Charleston hospitals. Our results 
showed, in consecutive carotid endarterectomy, a 9.5% incidence 
of stroke in those patients in whom the shunt was routinely used. 

The most significant thing, I think, that I would like to reiterate 
is that the majority of strokes occurred in patients in whom the 
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occlusion time was less than one minute, that time which was re- 
quired to insert the shunt. 

(slide) This was compared with those patients in whom the shunt 
was not employed. 110 consecutive patients, and as you can see, 
there was only a 0.9% incidence of stroke. 

As a result of this. we felt at that time—and we presented these 
conclusions, which we adhere to presently —that in our personal 
experience, as well as in this collected experience, the shunt 
involved a higher incidence of stroke as a result of the necessary 
manipulation and the possibility of embolus. For that reason, the 
use of the shunt, without specific indication, did not seem warranted. 


Dn. DENTON A. CooLey (Closing discussion): It seems the same 
surgeons today discussed the same subject three years ago, and 
apparently no one has changed his mind. I doubt whether anyone 
will change his mind as a result of this presentation. 

There is an old saying about vascular surgeons— you can never 
get them to change their mind, but you might get them to rearrange 
their prejudices! 

In regard to what Dr. Thompson and I have said, it seems curious 
and puzzling to me that the difference between his cases and Dr. 
Hairston’s is so striking— where there is a ten times greater incidence 
of complications with the use of the intraluminal shunt. There seems 
to be some mystery surrounding cerebral circulation and the col- 
lateral blood supply to the brain. 

It is possible that the intraluminal shunt interferes with the 
normal physiologic mechanism, or reflex, which protects the brain 
during periods of occlusion. No one, to my knowledge, has reported 
concrete or objective evidence about the blood flow through the 
shunt, i.e. to prove that it is actually protective. 

We did some studies on the volume of shunts with aortic bypasses 
and were greatly disappointed to find how small a volume of blood 
would go through one of the large caliber shunts. It may be that there 
are situations where the shunt may cause reflex injury to the 
occluded side. 

Another puzzling thing is that in our patients with contralateral 
total occlusion, we have never had a neurological deficit without a 
shunt. In fact, now we have more confidence in the no-shunt tech- 
nique in patients with contralateral total occlusion than we have in 
those with contralateral stenosis or unobstructed arteries. We 
believe it is the safest situation under which one can use the no- 
shunt technique. 

I would like to also thank Dr. Haynes for his remarks and com- 
pliment him on his excellent results; and it is always interesting to 
hear Dr. Ochsner’s remarks. 

I might say that the patients we classified as symptomatic were 
those who had carotid stenoses in excess of 90%, and also patients 
who had obvious severe ulceration in the carotid bifurcation. 
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Femoral Anastomotic Aneurysms 
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ORTOFEMORAL GRAFTING has provided innumer- 
A able patients with relief from symptoms of 
arterial insufficiency and generally gives long lasting 
beneficial results. However, a small percentage of pa- 
tients will have their successful results marred by the 
subsequent development of a femoral anastomotic 
aneurysm.??:!?25 Recent advances in peripheral vascu- 
lar surgery have decreased the incidence of anastomotic 
pseudoaneurysms, but currently there is no way to 
eliminate this complication entirely. 

Since 1974, the LSU Vascular Surgery Service has 
managed all vascular patients by one team of surgeons. 
A significant number of the patients referred to the 
service had pseudoaneurysms which developed in the 
femoral region after previous aortofemoral bypass. All 
of these early patients had their initial surgery at other 
hospitals or by other surgeons so the exact details of 
the original grafting procedures were unavailable. All 
pseudoaneurysms discovered were operated on and 
attempts were made to determine the cause and to 
prevent further similar problems. The findings and 
results of this study provide the basis of this report. 


Clinical Material 


From 1974 to the present, the LSU Vascular Surgery 
Service at Charity Hospital, Veterans Administration 
Hospital, and Hotel Dieu Hospital in New Orleans has 
managed 87 patients with femoral pseudoaneurysms. 
Six patients had traumatic femoral pseudoaneurysms, 
two occurring after gunshot wounds and four after 
angiographic procedures. Two patients had a femoral 
anastomotic aneurysm after a distal bypass and one 
patient had a femoral mycotic aneurysm. These nine 
patients are a separate problem and will not be dis- 
cussed here. 

Seventy-eight femoral anastomotic pseudoaneurysms 
occurred in 53 patients after aortofemoral bypass. 
Thirty-seven of these patients (69.896) had a unilateral 
pseudoaneurysm while 16 patients (30.2%) had bilateral 
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occurrence. Five patients had nine recurrences of 
pseudoaneurysms after repair of their original pseudo- 
aneurysms (Table 1). 

The age ranged from 52 to 79 years. Thirty-nine 
patients, or 73.6%, had associated hypertension. Fifty- 
seven limbs (73.1%) had complete occlusion of the 
superficial femoral artery on the side of the femoral 
pseudoaneurysm. 


Presentation 


All patients had a mass palpable in the femoral area 
at the time of admission and in 65 patients this was 
the only presenting symptom. Two patients presented 
with a rapidly expanding mass in the groin and an 
obviously ruptured pseudoaneurysm. Eight patients 
presented with ischemic symptoms after sudden throm- 
bosis of a pseudoaneurysm. Three patients were ad- 
mitted for signs and symptoms of distal embolization 
from a femoral pseudoaneurysm with a patent super- 
ficial femoral artery. Most of the 53 patients underwent 
routine angiography to assess the status of the proximal 
inflow as well as distal runoff (Table 2). 


Etiologic Factors 


An attempt was made to evaluate the cause of the 
pseudoaneurysm in each case, though admittedly this 
essentially was a judgement made by the surgeon. Only 
one patient had fraying of the graft itself as the likely 
cause of the pseudoaneurysm. Two of the pseudoaneu- 
rysms had obvious infection as the cause; one of these 
was ultimately treated by obturator bypass, while the 
other had removal of the graft limb. Two patients had 
fractured polypropylene sutures as the apparent cause 
of the pseudoaneurysm: one had an intact Dacron? 
graft and a normal-appearing femoral artery with a 
dehiscence of the anastomosis and an evident broken 
polypropylene suture; another patient had an aorto- 
femoral graft on the right with a cross-femoral graft 
to the left leg, and a pseudoaneurysm at the Dacron- 
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TABLE 1. Occurrence of Femoral Aneurysms in 53 Patients 





Aneurysms 78 
unilateral 37 
bilateral 16 
recurrent 9 





to-Dacron anastomosis in the right groin, and again a 
fractured polypropylene suture was evident. 

Five patients had a completely disrupted anastomo- 
sis with marked foreshortening of the limb of the 
Dacron graft. The graft appeared to have been 
"pulled" off the femoral artery which still appeared 
intact. 

Fifty-seven pseudoaneurysms (73.1%) were thought 
to be due to host-vessel degeneration. Although some 
of those patients may have had hypertension, previous 
endarterectomy, or other associated factors, the spe- 
cific finding was loss of integrity of the vessel wall. In 
some instances there was complete dissolution of the 
femoral artery in the area of the pseudoaneurysm. 

In nine cases the records did not allow us to deter- 
mine the cause of the pseudoaneurysm (Table 3). 


Treatment 


Early in this series surgical treatment consisted of 
simple resection of the pseudoaneurysm with reanasto- 
mosis if the graft could be pulled down into the groin 
without tension. Subsequently the policy was developed 
of routine interposition grafting with knitted Dacron 
and routine performance of an outflow procedure at the 
time of pseudoaneurysm repair. Twenty-three resec- 
tions were done with direct reanastomosis while 55 had 
interposition grafts placed to avoid tension and provide 
for knitted Dacron anastomosis to the vessel. Thirty- 
three anastomoses were done without any specific out- 
flow procedure. Forty-five anastomoses included out- 
flow procedures, namely profundaplasty or superficial 
femoral artery angioplasty (32), and profunda angio- 
plasty (9), or distal bypass (4) (Table 4). 


Results 


There were no deaths, no limb loss, and no early 
thrombosis resulting from the procedure. Except for 
the two cases of infected pseudoaneurysms, there were 


TABLE 2. Presenting Signs 


Number of Patients 


Mass 65 
Thrombosis 8 
Embolization 3 
Rupture 2 
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no wound nor graft infections. Three patients, early 
in the series, who did not have angioplasty or other 
outflow procedure, have subsequently thrombosed that 
limb of the graft. Two were successfully treated by 
thrombectomy and profundaplasty, and one by throm- 
bectomy, profundaplasty, and distal popliteal bypass. 

Five patients developed recurrent pseudoaneurysms. 
Two patients had single recurrences and three had 
bilateral recurrences: one of the latter had an addi- 
tional recurrence on one side. All but one of the 
secondary recurrences were treated by the addition of 
an interposition graft and an outflow procedure. The 
other patient had only an interposition graft placed 
after the first recurrence; she later had another recur- 
rence and profundaplasty and distal bypass was per- 
formed at that time. 


Discussion 
Incidence and Cause 


In 1965 Stoney, Albo and Wylie?! reported 528 vascu- 
lar reconstructive operations in which knitted Dacron 
grafts were used. Braided silk sutures were used for 
the anastomosis. Of 135 anastomoses to the common 
femoral or popliteal arteries, 32 aneurysms occurred, a 
per site incidence of 23.7%. In 1967 Sawyers, Jacobs 
and Sutton?" reported a 10% incidence of false aneu- 
rysms developing in anastomoses to the common 
femoral or popliteal arteries. More recent reports by 
Szilagyi, Smith, Elliott, Hageman, and Dall’ Olmo?’ 
in 1975 quoted a 3% per site incidence of pseudoaneu- 
rysm in the groin after aortofemoral grafting, and 
several other reports?:!??? indicate an incidence of 2% 
or less at the present time. In our series, since the 
majority of our cases were referred from other institu- 
tions, we cannot provide an accurate incidence. How- 
ever, based on our aortofemoral cases of the last five 
years, we estimate a 1% to 2% per site incidence at the 
present time. 

In early cases braided silk sutures were used for 
most of the anastomoses.?9.12.13.2022.,247?7 Tn 1940 
Cutler and Dunphy* demonstrated the degeneration of 
silk and its subsequent phagocytosis by monocytes, 
so this complication might well have been predicted. 
After reports? ?*?:1?292* of silk degeneration resulting 
in pseudoaneurysm formation became wide-spread, 
vascular surgeons switched to other suture material. 
It was soon noted that polyethylene sutures likewise 
resulted in fragmentation and a high incidence of 
pseudoaneurysms resulted.?? Even polypropylene, as 
in two of the cases in our series, has shown evidence 
of fragmentation and breakage and is potentially the 
source of many aneurysms in the future. Of the 
sutures available today, braided Dacron is the suture 
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of choice for prevention of pseudoaneurysm formation. '? 
Moore and Hall? stated, "The ultimate strength of a 
prosthetic vascular anastomosis is dependent on the 
suture material." This is based on the fact that there 
is no true healing between the prosthetic graft and the 
host vessel. More accurately, however, one must state 
that the ultimate strength of the anastomosis is the 
sum of all factors, namely, type of prosthesis, 
strength of the suture, host vessel integrity, mechanical 
factors, and rheologic factors. Although in the past 
pseudoaneurysm formation frequently resulted from 
failure of suture material, in modern vascular surgery 
one should now discount suture failure as anything 
but a minor etiologic factor in anastomotic aneurysms. 

Numerous papers call attention to the rigidity of the 
Dacron prosthesis (especially the earlier types prior to 
1960), the motion of the graft across the joint, and 
excessive traction on the anastomosis by a graft placed 
under tension as playing significant roles in the disrup- 
tion of the femoral anatomosis.*'*!*?? A rigid graft 
plus the movement of the graft across a joint would 
appear to produce shearing forces that cause late 
separation. of the anastomosis.**”° Even though 
diseased vessels are stiffer than normal arteries, 
they are still more compliant than the prosthetic 
grafts.!^?!?9 The stress-strain characteristics in this 
situation therefore can place additional stress on the 
host vessel. Similarly, anastomosis with the graft under 
excessive tension would appear to place undue stress 
on both sutures and host vessel and could lead to 
anastomotic disruption. However, the modern, softer, 
knitted Dacron prostheses have much more flexibility 
and remain more pliable than the previous grafts, 
even across the hip joint.” Also, vascular surgeons 
have learned to leave enough length of the graft 
limbs to avoid excess tension. These, therefore, appear 
to be less frequent causes of anastomotic pseudoaneu- 
rysms today. 

Szilagyi, Whitcomb, Schenker, and Waibel,?? as well 
as others,'':'* have demonstrated the efficiency of end- 
to-end anastomoses, rather than end-to-side anasto- 
moses, in providing the most hemodynamically suitable 
flow for the prevention of pseudoaneurysms. Accord- 
ing to the laws of fluid flow relating to arterial 
grafting, the larger the angle between the graft and 
the recipient artery, the smaller the rate of flow through 
the anastomosis and the greater the turbulence and 
stress on the suture line.” These principles are well 
accepted today and most surgeons tend to make their 
femoral anastomoses with a small angle of incidence 
and a smooth, elliptical orifice. Although one does an 
end-to-side anastomosis for the routine aortofemoral 
bypass, an end-to-end anastomosis should be used for 
repair of pseudoaneurysms. 


FEMORAL ANEURYSMS 


TABLE 3. Cause of Femoral Aneurysms 


Number of Patients 


Graft failure 

Infection e 

Suture line defect 

Suture failure 

Graft tension 

Vessel degeneration 5 
Undetermined 
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Wound complications, whether it be infection, 
seroma, or hematoma, all tend to increase drastically 
the incidence of anastomotic pseudoaneurysms.”* Anti- 
coagulants should generally not be used postopera- 
tively, since they tend to increase suture line leakage 
and result in hematoma and pseudoaneurysm forma- 
tion.*^!*-? The use of preoperative antibiotics and 
intraoperative antibiotic irrigation can reduce wound 
and graft infection. Routine ligation of transsected 
lymphatics in the femoral incision will prevent 
lymphocele and seroma formation. It would appear 
that careful attention to these details can, therefore, 
frequently eliminate these other causes of anastomotic 
pseudoaneurysms. 

Despite the improvements in surgical technique, 
grafts, and suture materials, there still remains the 
spectre of unavoidable host vessel degeneration. 
Vessel degeneration has always played a primary 
role in anastomotic pseudoaneurysm formation, but 
is even more obvious now that other factors have 
decreased.?*.15223! Even early papers*!5*?? noted 
arterial wall deficiency as a leading cause of pseudo- 
aneurysms, but tended to lessen its importance by 
citing hypertension, endarterectomy, and mechanical 
factors as etiologic entities. In actuality, most femoral 
anastomotic pseudoaneurysms are, in fact, due to host 
vessel degeneration.'*?' Endarterectomy can weaken 
the wall. Rigid grafts and various mechanical factors 
can add stress and likewise weaken the wall. Hyper- 
tension adds additional stress and can be an associated 
factor in vessel degeneration.? They are all, however, 
merely associated or predisposing factors. In our 


TABLE 4. Treatment 





Number of Patients 





Repair without outflow procedure 33 
Repair with outflow procedure 45 

distal bypass 4 

double angioplasty 9 

single angioplasty 32 
Interposition graft 55 
No interposition graft 23 
Neither graft nor angioplasty 17 
Both graft and angioplasty 37 
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series, 57 of 78 pseudoaneurysms (73.1%) appeared 
directly attributable to vessel degeneration. We believe 
that the primary reason for host vessel degeneration 
is the increased "'intra-anastomotic tension" that 
occurs from combinations of many factors, some of 
which have been mentioned. Even the sturdiest suture 
material will be ineffective if the tissue to which it 
is sewn is deficient. If we agree that the new 
knitted Dacron grafts do not fray as the older 
woven Teflon? or woven Dacron grafts did, and that 
the braided synthetic sutures have increased overall 
integrity, then it is obvious that the limiting factor 
becomes the host vessel itself if disruption is to 
occur. Infection can attack the anastomotic integrity, 
because the bacterial proteinase removes fiber from the 
anastomotic line and breaks down the seal with re- 
sulting hematoma formation and often expansion of this 
into a pseudoaneurysm.! Continued pressure can then 
cause progressive breakdown of the host vessel wall. 
An endarterectomized arterial wall consists of a very 
thinned-out layer of adventitia and this would, at least 
theoretically, suggest its ultimate deterioration with 
time and additional stress factors. 

In reviewing the work of Szilagyi, Whitcomb, 
Schenker, and Waibel,?? it is evident that the mechan- 
ical factor of turbulence can play a major role in in- 
creased intra-anastomotic tension. Although a properly 
constructed end-to-end anastomosis is virtually as 
efficient as an intact artery in transmitting blood, in 
the case of end-to-side anastomoses, the larger the 
angle between the graft and the recipient artery, the 
smaller is the rate of flow through the anastomosis. 
This “bend” in the counduit creates turbulence and 
loss of flow rate because of the disturbance in pressure 
head brought about by the abrupt change in the 
direction of the flow. In addition, a sharp-edged orifice, 
such as formed by an anastomosis through a simple 
slit in the arterial wall, produces a greater reduction 
in flow than when a bell-mouthed orifice is created. ?? 
Christensen and Bernatz stated, One can assume that 
the energy liberated during the sudden loss of flow 
rate, according to the above-named two factors, is in 
part distributed at the site of the anastomosis, thereby 
increasing the stress on the suture line.” In similar 
fashion, occlusion of a superficial femoral artery with 
change in the angle of flow from a horizontal progres- 
sion to a more acute angle would likewise cause 
increased anastomotic tension. When an elbow or bend 
occurs the differences in velocity and pressure head 
along the outer wall compared to the inner wall produce 
secondary currents, changing the rate of flow and the 
dissipation of energy to the anastomotic line. We find 
it interesting to note that 57 limbs had superficial 
femoral artery occlusion in our series. By reviewing 
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the above laws of fluid flow and arterial grafting, one 
should expect that the hemodynamic and pressure 
changes would result in increased tension at the level 
of anastomosis, since the angle of outflow is dramati- 
cally changed. In this context, we see that all of the 
many factors mentioned in previous articles can con- 
tribute to this increased intra-anastomotic tension and 
ultimate host vessel degeneration. Realistically, how- 
ever, the end result is arterial degeneration and 
pseudoaneurysm formation. 


Technique 


Surgical intervention should be considered in all 
cases of anastomotic femoral pseudoaneurysm, regard- 
less of size, since nearly 20% had some complication 
(hemorrhage, thrombosis, or embolization) related to 
the pseudoaneurysm. !?7:1».16:2027,5? One should plan to 
resect the aneurysm and redo the entire anastomosis, 
rather than simply placing a few reinforcing sutures, 
even though there may be only partial dehis- 
cence.!??2*99 Preoperative antibiotics and intraopera- 
tive antibiotic irrigation should be used to prevent 
infection. Meticulous attention to skin preparation and 
draping is mandatory. An incision is made directly over 
the pseudoaneurysm and exposure obtained at the 
inguinal ligament for proximal control of the Dacron 
graft. After exposing the anterior surface of the pseudo- 
aneurysm, intravenous heparin is given and the mass 
is opened and the clot removed. Distal control is 
obtained by means of one or more balloon catheters. 
The profunda is not dissected until the pseudoaneu- 
rysm mass is decompressed so that one might improve 
visibility and lessen the risk of damage to the profunda 
and collateral vessels. Minimal dissection is done to 
minimize disruption of the supportive scar tissue in the 
area. The graft is then transsected at the inguinal 
ligament and an end-to-end anastomosis is made be- 
tween the graft and a new segment of knitted Dacron. 
The outflow vessel(s) is then opened longitudinally 
and the interposed Dacron segment is sutured in end- 
to-end fashion to the transsected femoral artery with a 
"tongue" of the graft extended down the outflow vessel 
as a patch angioplasty. Braided synthetic sutures are 
obviously preferred on a theoretic basis. Heparin 
reversal is not used, but postoperative heparin is not 
given. The wound is closed in four layers with non- 
absorbable sutures and sterile dressings applied. 

Occasionally, the angioplasty must be continued 
for an extended length down the profunda and the 
vessel may be rather attenuated. In that situation a vein 
patch is preferred and the graft is then sewn end-to-end 
to the patched vessel. If both the superficial femoral and 
profunda femoris arteries are open, a ''double-tongued 
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graft is fashioned and angioplasty performed on both 
vessels. If run-off at the femoral level is questionable, 
a distal bypass may be added to assure patency and 
help prevent recurrent pseudoaneurysms. 


Summary 


Both the literature and this experience support host 
vessel degeneration as the primary etiologic factor in 
femoral anastomotic aneurysms. Associated factors 
that produce increased "'intra-anastomotic tension,’ 
such as hypertension, superficial femoral artery occlu- 
sion, and flow turbulence, appear to contribute to 
vessel deterioration. Other factors, much less prevalent 
in present-day vascular surgery, such as rigid grafts, 
deficient suture material, inappropriate angle of inci- 
dence, and excessive tension on the graft can contrib- 
ute to anastomotic disruption. 

Certain guidelines may be helpful in the management 
of femoral pseudoaneurysm. 1) Redo the entire anasto- 
mosis, rather than simply resuturing a disrupted edge. 
2) Use minimal dissection to avoid injury to outflow 
vessels and to limit disruption of supportive tissue. 
3) Use braided synthetic suture material. 4) Avoid 
tension by interposing a segment of graft between the 
proximal graft limb and the host vessel. 5) Use knitted 
Dacron for the interposed segment so the new anasto- 
mosis to the host vessel will be with softer, more 
pliable fabric. 6) Assure smooth adequate outflow by 
end-to-end anastomosis with a patch angioplasty or 
distal bypass. 

These guidelines should lead to a safe, reliable solu- 
tion to one of the vexing complications of aortofemoral 
bypass procedure. 
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DISCUSSION 


DR. JAMES D. HARDY (Jackson, Mississippi): Turning to these 
femoral anastomotic false aneurysms, which we all have, I think 
I would agree that degeneration of the artery itself is the most 
common cause of the development of these lesions. Incidentally, 
my colleague, Dr. J. W. Williamson, looked up our numbers, and 
they are in the sixties. 


It should be noted — I don't know that it was emphasized — that in 
30% of Dr. Cohn's patients the lesion was bilateral, and this is 
perhaps additional evidence that the cause is probably not a technical 
matter, but is in fact degeneration of the arterial wall. 

Without repeating many of the excellent points made by Dr. Cohn 
a minute ago, I would say that two things which are especially 
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useful are the use of the balloon catheter, which he did emphasize, 
of course; and the use of Teflon felt pledge backing when the 
new sutures are put in. The advantage of the balloon catheter is 
that one can control bleeding without having to dissect out the 
profunda, which can be injured and which can leave the leg ischemic. 
But in the absence of infection, "it is usually a relatively simple 
matter to take care of the aneurysm. It's when they are infected 
that special difficulties arise. 

(slide) This slide shows an extra-anatomic bypass down to the 
upper popliteal artery in the presence of an infected femoral 
false aneurysm. An infected graft must usually be ligated through 
clean tissue and removed. 

(slide) Now, this is a patient who had several operations in another 
city, following a bilateral aortofemoral bypass that was performed 
there, and then we inherited the woman later. We had a series of 
problems over the years, with infection from time to time in femoral 
false aneurysms. Finally, both legs were supported by a femoro- 
femoral crossover graft to the superficial femoral artery on each 
side, fed by an axillofemoral bypass. 

Now may I have the brief movie, please? We have here a patient 
who sustained a shotgun blast to the left thigh and flank and buttock, 
and we were forced to employ this bypass graft, which we refer to 
as our femorosubscrotofemoral graft, constructed from reversed 
saphenous vein. 

Now, it should be pointed out that ligation of the infected graft 
above does not invariably produce intolerable ischemia of the leg. 
And if that be the case, then one can wail until another time, when 
the infection has cleared up, and put a graft in the usual anatomical 
position. 

We had to ligate the left common femoral artery, the profunda, 
and even the left hypogastric artery in this patient, who, incidentally, 
received 116 pints of blood over the first three days. He kept bleeding 
from the sacrum periodically. The left leg surprisingly remained 
viable for six days, but then it became numb and weak from 
ischemia and we performed the bypass. 

So we put this graft beneath the only noninfected area of skin 
that we had available to us. This was a strip of skin on the medial 
portion of the left thigh. We brought the saphenous vein graft 
through just posterior to the scrotum, from the right common 
femoral artery to the left popliteal artery. It functioned well and 
produced a modest arterial pulse in the left foot. The patient re- 
covered satisfactorily. 

Fortunately, blood will flow in any direction if the pressure 
gradient is high enough. 


DR. ROGER GREENHALGH (London, England): We would, 
fundamentally, agree with the management which was suggested, 
but perhaps question some of the causes. It is certainly multi- 
factorial, but we would stress more firmly the mechanical aspects 
1) of the Dacron itself, and 2) of the site of the Dacron anastomosis 
to the groin. 

(slide) We have seen dilation and stretching of standard knitted 
Dacron leading to failure in ten limbs, from an estimated 1000 
Dacron bypasses, which is about 1%, similar to the authors’ 
findings for anastomotic aneurysm. These were inserted between 
‘December, 1971 and February, 1976, and we never saw dilatation 
causing failure in woven grafts. 

(slide) Here is a typical aortogram two years after a 49-year-old 
man had an aortobifemoral bypass. It measured 16 x 8 at the time 
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it was put in, and you will see here that the left-sided limb has 
occluded, and at reoperation it measured 16 mm, which is twice 
as big as it was at first. You will notice also the early anastomotic 
aneurysm on the right side. You see how the Dacron has stretched, 
to almost aortic proportions. In short, it is inappropriately big. 

Such Dacron stretching will be associated with disruption of the 
continuous, concertina-like suture which was described in this 
paper. It would also be consistent with snapping of the sutures, 
which was described here, and it would also account for a slow 
linear velocity of the blood, which would cause thrombosis, which 
occurred in eight of the limbs in this paper given today, and in ten 
of our limbs. 

(slide) Ten of our failures occurred between 1.5 and 4.5 years 
after the operation, associated with a mean Dacron diameter 
increase of 2.24 times; and, of course, these authors weren't 
able to measure the Dacron when the Dacron was put in, because 
the patients were referred in from elsewhere, in general. 

We would also like to note how uncommon anastomotic aneurysm 
is with Dacron to external iliac anastomoses, and we attribute this 
also, mainly, to mechanical factors 1) of the hip joint movement 
mentioned here, 2) superficial femoral occlusion (which is more 
commonly found when Dacron is taken below the groin), and also 
3) to infection. In short, we are not so impressed with the host 
vessel degeneration as the main cause of anastomotic aneurysm. 
If so, we would expect to see more of this. For example, when the 
Dacron is anastomosed to the external iliac situation, we would also 
expect to see more of it. We ought also to see more aneurysmal 
dilatation after endarterectomy of the carotid, aortoiliac segment, 
and also femoropopliteal segment, and we don't seem to see this. 


DR. L. H. HOLLIER (Closing discussion): Dr. Hardy, I will mention 
that the Teflon pledget backing was not used on any of our patients. 
We are aware of its use by Dr. Chavez, who I believe was formerly 
with you in Jackson, and also by Dr. Nunn, who has reported this 
from Florida. I agree that this is a useful adjunct in certain selected 
cases, but we have not had the need to use it. 

Dr. Greenhalgh, we are aware of your publication on this subject, 
but unlike your experience, the United States literature shows a 
much greater incidence of pseudoaneurysm formation after the use 
of the woven Dacron. We have not seen this graft dilatation as a 
cause of pseudoaneurysms. We had one case wherein the Dacron 
frayed, and this is generally the experience that is reported in the 
literature from the United States. 

In our series, actually, 60% of our pseudoaneurysms were associ- 
ated with woven Dacron grafts. For some reason, in our area in the 
past the woven Dacron had been used to a much greater extent 
than the knitted dacron had. 

In closing, | wish to emphasize what we feel to be the changing 
etiologic factor of this difficult problem. As techniques and surgical 
material improve, we will continue to see host vessel degeneration 
emerging as the dominant cause of this process. More than ever 
before, we will need to adhere strongly to the rheologic principles 
and the laws of fluid flow, not only when performing reoperative 
surgery, but also in the initial vascular procedure. 

We feel that the use of an acute angle of incidence for the anastomo- 
sis, the use of the elliptical orifice, and the near routine use of 
profundoplasty or other outflow procedure will improve still further 
the initial good results, and will minimize the late development of 
femoral anastomotic aneurysms. 

















Managing pain with 
Darvocet-N 100 (v 





100 mg propoxyphene napsylate and 650 mg acetaminophen 








Effectiveness 


Clinical studies have shown that pro- 
poxyphene in combination with other 
analgesics (e.g., aspirin or acet- 
aminophen) provides greater analge- 
sia than that obtained with either of 
the components alone."* Most re- 
cently, the combination of propoxy- 
phene napsylate (100 mg) and 

acetaminophen (650 mg)— 

Darvocet-N I00— was shown to be 

significantly more effective than the 

frequently used combination of co- 
deine (30 mg) and acetaminophen 

(300 mg).? 
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DARVOCET-N* 50 
d 
DARVOCET-N* 100 (V 


propoxyphene napsylate with acetaminophen 


Actions: Propoxyphene is a mild narcotic analgesic structurally 
related to methadone. The potency of propoxyphene napsylate is 
from two-thirds to equal that of codeine 

Darvocet-N 50 and Darvocet-N 100 provide the analgesic 
activity of propoxyphene napsylate and the antipyretic-analgesic 
activity of acetaminophen 

The combination of propoxyphene and acetaminophen pro- 
duces greater analgesia than that produced by either propoxy- 
phene or acetaminophen administered alone 


Indication: These products are indicated for the relief of mild to 
moderate pain, either when pain is present alone or when it is 
accompanied by fever. 


Contraindications: Hypersensitivity to propoxyphene or to acet- 
aminophen 





Safety 


Eli Lilly and Company first. intro- 
duced propoxyphene to the medical 
community in 1957. Since that time, 
the incidence of adverse reactions 
associated with the recommended 
use of propoxyphene products has 
remained extremely low. Although 
more than 21 billion dosage units of 
propoxyphene have been prescribed, 
reported side effects have been mild 
and infrequent as compared with 
those of other prescription analge- 
sics. However, toxicity has occurred 
with propoxyphene in circumstances 
involving overdosage and misuse. 


WARNINGS 
e Do not prescribe propoxyphene for patients who are 
suicidal or addiction-prone. 
e Prescribe propoxyphene with caution for patients taking 
tranquilizers or antidepressant drugs and patients who use 
alcohol in excess. 
* Tell your patients notto exceed the recommended dose and 
to limit their intake of alcohol. 
Propoxyphene products in excessive doses, either alone or 
in combination with other C.N.S. depressants, including 
alcohol, are a major cause of drug-related deaths. Fatalities 
within the first hour cf overdosage are not uncommon. In a 
survey of deaths due to overdosage conducted in 1975, in 
approximately 20 percent of the fatal cases, death occurred 
within the first hour (5 percent occurred within 15 minutes) 
Propoxyphene shouid not be taken in doses higher than 
those recommended by the physician. The judicious pre- 
scribing of propoxyphene is essential to the safe use of this 
drug. With patients who are depressed or suicidal, consider- 
ation should be given to the use of non-narcotic analgesics 
Patients should be cautioned about the concomitant use of 
propoxyphene products and alcohol because of potentially 
serious C.N.S.-additive effects of these agents. Because of 
its added depressant effects, propoxyphene should be 
prescribed with caution for those patients whose medical 
condition requires the concomitant administration of seda- 
tives, tranquilizers, muscle relaxants, antidepressants, or 
other C.N.S.-depressant drugs. Patients should be advised 
of the additive depressant effects of these combinations 
Many of the propoxyphene-related deaths have occurred 
in patients with previous histories of emotional disturbances 
or Suicidal ideation or attempts as well as histories of misuse 
of tranquilizers, alcohol, and other C.N.S.-active drugs 
Some deaths have occurred as a consequence of the 
accidental ingestion of excessive quantities of propoxy- 
phene alone or in combination with other drugs. Patients 
taking propoxyphene should be warned not to exceed the 
dosage recommended by the physician 





Drug Dependence — Propoxyphene, when taken in higher-than- 
recommended doses over long periods of time, can produce drug 
dependence characterized by psychic dependence and, less 
frequently, physical dependence and tolerance. Propoxyphene 
will only partially suppress the withdrawal syndrome in individ- 
uals physically dependent on morphine or other narcotics. The 
abuse liability of propoxyphene is qualitatively similar to that of 
codeine although quantitatively less, and propoxyphene should 
be prescribed with the same degree of caution appropriate to the 
use of codeine 













































































Patient Selection 
Darvocet-N 100 provides effective 
analgesia for the relief of mild to 
moderate pain. Pain is a highly sub- 
jective sensation, and tolerance to 
pain varies greatly among patients. 
Mild to moderate pain is usually 
considered to be what patients de- 
scribe as “some” or “a lot."? Such 
pain may be associated with a variety 
of medical conditions, including 
sprains, strains, postsurgical pain, 
fractures, trauma, arthritis, flu, and 
postpartum pain. 

Darvocet-N 100 is not the right 
analgesic for all patients (see Warn- 
ings). It should not be used by those 
who are suicidal or addiction-prone 
and should be prescribed with caution | 
for those who abuse alcohol or drugs. 
However, when properly prescribed, 
Darvocet-N 100 is a suitable analge- 
sic for most patients. 




















Usage in Ambulatory Patients — Propoxyphene may impair the 
mental and/or physical abilities required for the performance of 
potentially hazardous tasks, such as driving a car or operating 
machinery. The patient should be cautioned accordingly 


Precautions: Drug Interactions — The C.N. S.-depressant effect of 
propoxyphene is additive with that of other C.N. S. depressants, 
including alcohol 

Usage in Pregnancy — Safe use in pregnancy has not been 
established relative to possible adverse effects on fetal develop- 
ment. Instances of withdrawal symptoms in the neonate have 
been reported following usage during pregnancy. Therefore, 
propoxyphene should not be used in pregnant women unless, in 
the judgment of the physician, the potential benefits outweigh the 
possible hazards 

Usage in Nursing Mothers — Low levels of propoxyphene have 
been detected in human milk. In postpartum studies involving 
nursing mothers who were given propoxyphene. no adverse 
effects were noted in infants receiving mother s milk 

Usage in Children — Propoxyphene is not recommended for use 
in children, because documented clinical experience has been 
insufficient to establish safety and a suitable dosage regimen in 
the pediatric age group 

A Patient Information Sheet is available for this product 


Adverse Reactions: In a survey conducted in hospitalized 
patients, less than 1 percent of patients taking propoxyphene 
hydrochloride at recommended doses experienced side effects. 
The most frequently reported have been dizziness, sedation, 
nausea, and vomiting. Some of these adverse reactions may be 
alleviated if the patient lies down 

Other adverse reactions include constipation, abdominal pain, 
skin rashes, lightheadedness, headache, weakness, euphoria, 
dysphoria, and minor visual disturbances 

Cases of liver dysfunction have been reported 


Administration and Dosage: These products are given orally. The 
usual dose is 100 mg propoxyphene napsylate and 650 mg 
acetaminophen every four hours as needed for pain. The 
maximum recommended dose of propoxyphene napsylate is 600 
mg per day [082079] 






Additional information available to the profession on request 
from Eli Lilly and Company, Indianapolis, Indiana 46285. 


Eli Lilly and Company, Inc. 


fa 7 Carolina, Puerto Rico 00630 
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Brief Summary 


Erythrocin: Piggyback 


(ERYTHROMYCIN LACTOBIONATE FOR INJECTION, USP) 


INDICATIONS — ERYTHROCIN PIGGYBACK (erythromycin 
lactobionate for injection) is indicated in the treatment of 
patients where ora! administration is not possible or where 
the severity of the infection requires immediate high serum 
levels of erythromycin. Intravenous therapy should be replaced 
by oral administration at the appropriate time 

Streptococcus pyogenes (Group A beta hemolytic strepto- 
coccus): Upper and lower respiratory tract, skin, and soft 
tissue infections of mild to moderate severity 

Injectable benzathine penicillin G is considered by the 
American Heart Association to be the drug of choice in the 
treatment and prevention of streptococcal pharyngitis and in 
long term prophylaxis of rheumatic fever 

When oral medication is preferred for treatment of the 
above conditions, penicillin G, V, or erythromycin are alternate 
drugs of choice 

Alpha-hemolytic streptococci (viridans group): Short-term 
prophylaxis of bacterial endocarditis prior to dental or other 
operative procedures in patients with a history of rheumatic 
fever or congenital heart disease who are hypersensitive to 
penicillin. (Erythromycin is not suitable prior to genitourinary 
surgery where the organisms likely to lead to bacteremia are 
gram negative bacilli or the enterococcus group of streptococci.) 

Staphylococcus aureus: Acute infections of skin and soft 
tissue of mild to moderate severity Resistant organisms may 
emerge during treatment 

Streptococcus pneumoniae (Diplococcus pneumoniae): For 
upper respiratory tract infections (e.g. otitis media, pharyn- 
gitis) and lower respiratory tract infections (e.g. pneumonia) 
of mild to moderate severity 

Mycoplasma pneumoniae (Eaton agent, PPLO): For espira- 
tory infections due to this organism 

Hemophilus influenzae: For upper respiratory tract infec- 
tions of mild to moderate severity, when used concomitantly 
with adequate doses of sultonamides. (See sulfonamide label- 
ing for appropriate prescribing information.) The concomitant 
use of the sulfonamides is necessary since not all strains of 
Hemophilus influenzae are susceptible to erythromycin at the 
concentrations of the antibiotic achieved with usual 
therapeutic doses 

Corynebacterium diptheriae: As an adjunct to antitoxin to 
prevent the establishment of carriers and to eradicate the 
organism in carriers 

Corynebacterium minutissimum: |n the treatment of erythrasma 

Listeria monocytogenes. Infections due to this organism 

Neisseria gonorrhoeae: ERYTHROCIN PIGGYBACK (ery- 
thromycin lactobionate for injection) in conjunction with 
erythromycin stearate or base orally, as an alternative drug 
in treatment of acute pelvic inflammatory disease caused by 
N. gonorrhoeae in female patients with a history of sensitivity 
to penicillin. Before treatment of gonorrhea, patients who are 
suspected of also having svphilis should have a microscopic 
examination for 7 pallidum (by immunofluorescence or dark- 
field) before receiving erythromycin, and monthly serologic 
tests for a minimum of 4 months 


Legionnaires’ Disease: Although no controlled clinical 
efficacy studies have been conducted, ¿n vitro and limited 
preliminary clinical data suggest that erythromycin may be 
effective in treating Legionnaires Disease. 


CONTRAINDICATIONS — Erythromycin is contraindicated 


in patients with known hypersensitivity to this antibiotic 


PRECAUTIONS — Since erythromycin is principally excreted 
by the liver, caution should be exercised when erythromycin 
is administered to patients with impaired hepatic function 

Prolonged or repeated use of erythromycin may result in 
an overgrowth of non-susceptible bacteria or fungi. If super- 
infection occurs, erythromycin should be discontinued and 
appropriate therapy instituted 

Areas of localized infection may require surgical drainage 
in addition to antibiotic therapy 

Recent data from studies of erythromycin reveal that its 
use in patients who are receiving high doses of theophylline 
may be associated with an increase of serum theophylline 
levels and potential theophylline toxicity. In case of theo- 
phylline toxicity and/or elevated serum theophylline levels, 
the dose of theophylline should be reduced while the patient 
is receiving concomitant erythromycin therapy 

Usage during pregnancy and lactation. The safety of erythro- 
mycin for use during pregnancy has not been established 

Erythromycin crosses the placental barrier. Erythromycin 
also appears in breast milk 


ADVERSE REACTIONS — Side effects following the use of 
intravenous erythromycin are rare. Occasional venous irrita- 
tion has been encountered. 

Allergic reactions, ranging from urticaria and mild skin 
eruptions to anaphylaxis, have occurred with intravenously 
administered erythromycin 

Reversible hearing loss associated with the 
intravenous infusion of 4 or more grams per day of =) 
erythromycin lactobionate has been reported rarely 
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The only erythromycin of any kind available 5 €" Prepared in and administered from 
in piggyback... indicated for Legionnaires’ Disease, ‘1 its own dispensing vial 


mycoplasmal and pneumococcal pneumonia = May be prepared with any one of 
plus a number of other susceptible pathogens. 8 diluents 


Erythromycin may also be used to treat infections " Convenient storage 

caused by indicated organisms in patients who * 8 hours at room temperature 

are allergic to penicillin or to penicillin derivatives. * 24 hours under refrigeration 
e 30 days frozen 0043347 


Erythrocin Piggyback...erythromycin 


lactobionate...can provide high serum Er thr ocin 


levels via intermittent intravenous f bac 
acterial therapy. See your Abbott ~ a (ERYTHROMYCIN LACTOBIONATE 
esentative for complete information on UP" — 2 FOR INJECTION, USP} 
rocin Piggyback, or contact: Dept. 498, d oco When mixed as directed, each 100 ml contains: 

Abbott Laboratories, North Chicago, Ill. 60064 | Erythromycin lactobionate 


equivalent to erythromycin. 
Please see opposite page for Brief Summary ©1980 Abbott Laboratories Benzyl alcohol 
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Nolvadex 


TAMOXIFEN CITRATE 


A well-tolerated form of endocrine therapy.” 


Nolvadex b.i.d. is easily given at home: Patients need not 
experience the disruption of family life that can occur with 
cytotoxic drugs, where administration often necessitates 
hospitalization. 

Depicted below are comparative results from studies t 
of Nolvadex as initial therapy...and as subsequent therapy: 





Objective responses to Nolvadex as initial or subsequent 














endocrine therapy t 
NO PRIOR PRIOR 
ENDOCRINE ENDOCRINE 
THERAPY + THERAPY + 
CHEMOTHERAPY CHEMOTHERAPY 
Complete Response 76/178 41/118 
4 (4396) (3596) 
Partial Response 
Stabilization 29/178 34/118 
(No Change) (1626) (2996) 
Progression 73/178 43/118 
(41%) (36%) 





A valuable antiestrogen for the palliative 
treatment of advanced breast cancer 
in postmenopausal women. 


"Unlike side effects usually associated with other agents, those most frequently reported 
with Nolvadex were not disabling or life-threatening. This explains the comparatively 
low discontinuance rate of 2%. The uncomplicated oral regimen of Nolvadex does not 
necessitate hospitalization 


Indicated in breast cancer that has 
metastasized to bone and viscera...as well 
as to soft tissue. 

The following is a tabulation of objective responses to 


Nolvadex in patients who entered therapy with progressive 
disease —from 13 separate studies": 


Objective responses by dominant site of progressive 
disease in 305 evaluable: patients 


FT 
BONE VISCERA a E 





MBER 
OF PATIENTS iz — qb 


COMPLETE RESPONSE 

measured by complete 

disappearance of all known "e 3 10 
malignant disease and (2%) (15%) 
recalcification of osteolytic 

lesions for at least 4 weeks 


PARTIAL RESPONSE 

measured by decrease of 50% 

or greater in size of lesions, 36 
and/or partial recalcification (34%) 
or blastic transformation of 

osteolytic lesions for at 

least 4 weeks 


31 
(46%) 


STABILIZATION 

(NO CHANGE) 
measured by decrease of 
less than 50% or increase 
of less than 25% in size of 
lesions, with no change in 
osseous lesions for 

at least 4 weeks 


28 9 
(26%) (13%) 


Total (complete or partial 
response or stabilization) 


60% 56% 15% 


PROGRESSION 

measured by increase 43 58 
of greater than 25% in size of (40%) (44%) 
lesions, or appearance 
of any new lesions 


17 
(25%) 





t Data on file, Stuart Pharmaceuticals. 
t$ Of a total of 409 patients studied, 104 were excluded from evaluation of Nolvadex efficacy 


because of an inadequate treatment period, concomitant therapy with other anticancer agents, 
or not having evaluable disease. 


Please see next page for a brief summary of prescribing information. 
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BRIEF SUMMARY 
NOLVADEX® (tamoxifen citrate) tablets 


Indications and Usage: Nolvadex* has proven useful in the 
palliative treatment of advanced breast cancer in postmeno- 
pausal women. Available evidence igdicates that the patients 
who have had a recent negative estrogen receptor assay are 
unlikely to respond to Nolvadex. 

Contraindications: There are no known contraindications to 
the use of Nolvadex. 

Warnings: Nolvadex may have oncogenic activity in animals 
the possibility of this potential in humans should be consid- 
ered. Nolvadex affects reproductive function in rats at dose 
levels somewhat higher than the human dose. Safe use in 
pregnancy has not been established. 

Ocular changes have been reported in a few patients 
treated for periods greater than one year with Nolvadex at 
doses at least four times the highest recommended daily 
dose of 40 mg. The ocular changes consist of retinopathy 
and, in some patients, there are also corneal changes and a 
decrease in visual acuity. Ophthalmologic examinations of 
Selected patients receiving long-term therapy with Nolvadex® 
at recommended doses have not detected any ocular pathol- 
ogy attributable to the drug. 

As with other additive hormonal therapy (estrogens and an- 
drogens), hypercalcemia has been reported in some breast p R E S E RV E a nd p ROT F CT 
cancer patients with bone metastases within a few weeks of 
starting treatment with Nolvadex. If hypercalcemia does oc- 
cur, appropriate measures should be taken and, if severe, 

Nolvadex should be discontinued. YO U R CO p | ES O F 
Precautions: Nolvadex should be used cautiously in patients 

with existing leukopenia or thrombocytopenia. Observations 

of leukopenia and thrombocytopenia occasionally have been 

made, but it is uncertain if these effects are due to Nolvadex A N N A LS of S U RG FE RY 
therapy. Transient decreases in platelet counts, usually to 

50,000-100,000/cu mm, infrequently lower, have been occa- 

sionally reported in patients taking Nolvadex for breast can- 





.Noh h tend has b ded and th . 
Hebe bonds rat oned Eois] uela var I oa Now, your journals can become a hand- 
ment with Nolvadex continued. Periodic complete blood some addition to your professional library. 


counts, including platelet counts, may be appropriate. 
Usage in Pregnancy: Nolvadex should not be used during 


pregnancy. . . ] 
ioa) Réditlons: The most frequent adverse reactions to These file boxes are designed and cus 
Nolvadex are hot flashes, nausea, and vomiting. These may tom-made to keep your copies orderly, 
occur in up to one-fourth of patients, but are rarely severe ; . 

enough to require discontinuation of treatment. readily accessible and clean. 


Less frequently reported adverse reactions are vaginal 
bleeding, vaginal discharge, menstrual irregularities, and 


skin rash. Usually these have not been of sufficient severity to Durable book-binder's board covered 
" 4 - f ; . 9 

increased bone and tumor pain, and also local disease with scuff-resistant, washable Leathertex. 

flare have occurred, which are sometimes associated with a Lettering embossed in 23-Karat gold leaf. 


good tumor response. Patients with increased bone pain may 
require additional analgesics. Patients with soft tissue dis- 
ease may have sudden increases in the size of preexisting le- 
sions, sometimes associated with marked erythema within 
and surrounding the lesions, and/or the development of new 
lesions. When they occur, the bone nain or disease flare are 
seen shortly after starting Nolvadex* and generally subside 
rapidly 

Other adverse reactions which are seen infrequently are 
hypercalcemia, peripheral edema, distaste for food, pruritus 
vulvae, depression, dizziness, light-headedness and head- 
ache. 

If adverse reactions are severe, it is sometimes possible to 
control them by a simple reduction of dosage without loss of 
control of the disease. 

Overdosage: Acute overdosage in humans has not been re- 
ported. Signs observed at the highest doses following studies 
to determine LDs, in animals were respiratory difficulties and 
convulsions. No specific treatment for overdosage is known; 
treatment must be symptomatic. 
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Jesse Jones Box Corp. (since 1843) 
Dep’t. JBLA—Phila., Pa. 19141 


Gentlemen: Kindly send me: 

Reasonably priced, too. Only $4.95 ea. O 
3 for $14.00 O 6 for $24.00 O 

Add $1.00 postage per file for orders outside the U.S. 


[] Check enclosed (Make check payable to: 
Jesse Jones Box Corp., Box 5120, Phila., Pa. 








Dosage and Administration: One or two 10 mg tablets twice 19141) 
a day (morning and evening). 

How Supplied: Nolvadex tablets are white, round, biconvex 

tablets imprinted with STUART 600, containing tamoxifen as Name 

the citrate in an amount equivalent to 10 mg of tamoxifen. The 

tablets are available in containers of 60 tablets and 250 tab- Address 

lets. The tablets should be protected from heat and light. City/State/Zip 





NDC0038-0600 September 1979 


Shipped postpaid U.S. only. Satisfaction unconditionally 
guaranteed or your money back. 


STUART PHARMACEUTICALS 


Division of ICI Americas Inc. 
Wilmington, Delaware 19897 
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PULSE VOLUME RECORDER eve.) 


The NON-INVASIVE Clinical Vascular Laboratory 
NOW AVAILABLE with CALIBRATED, AUTOMATIC CUFF inflatio 
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An Extensively Documented Clinical Procedure for 


the Quantitative Evaluation of Peripheral Vascular Disease: Ophthalmic artery pressure is read 
directly on the OPG Attachment of 


* 
Arte rial ndi Venous dd Ce rebral the PVR for the evaluation of col- 
lateral circulation to each eye, and 
Excellent Long-term Reproducibility and Calibrated its respective cerebral hemisphere. 
Accuracy by Quantitative Segmental Cuff Technique 





























PULSE VOLUME 
URVE BY 
INTRA-ARTERIAL VENOUS THIGH CUFF 


CANNULATION RELEASE 
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HEART PERIOD : . 
A 15-point scale provides 


Comparison of pressure contours obtained approximately 2 % false (-) 
with the PVR and direct cannulation of the and 5% false (+). 


common femoral artery. 


Total Segmental perfusion (primary vessel plus collaterals) is accurately 
documented at the thigh-calf-ankle-metatarsal level and "nm The built-in 
Doppler facilitates the measurement of pressures along the arterial tree. 


The COMBINED information of segmental PVR recordings and systolic pressure 
gradient establishes a clinically accurate picture of functional perfusion. 
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Built-in, Recording 
_Bi-Directional Doppler 


For In-Hospital 
use or Office- 
Based Practice. 
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References, bibliography, and 
details on request. 


Life Sciences Inc. 


270 Greenwich Avenue 


* As Developed by The Vascular Laboratory, Dept. of Surgery, Massachusetts General Hospital, Boston, Mass. Greenwich, Connec 06830 U.S. 


Reimbursement for In- and Out-Patients under: | 
e Various non-profit hospital and medical-surgical service plans | 
e Medicare @ Veterans Benefits € Commercial Insurance Companies. 





See below for important product information concerning warnings, adverse reactions, patient selection and prescribing and precautionary recommendations. 


Let the healing begin 
in pain-free comfort 


MACIN hydrochloride 


brand of 


bupivacaine hydrochloride 


with or without epinephrine 1:200,000 





Indications: Peripheral nerve block, infiltration, sym- 
pathetic block, caudal, or epidural block. 


Contraindication: Marcaine is contraindicated in 
patients with known hypersensitivity to it. 


Warnings: RESUSCITATIVE EQUIPMENT AND 
DRUGS SHOULD BE READILY AVAILABLE WHEN 
ANY LOCAL ANESTHETIC IS USED. 


Usage in Pregnancy. Reproduction studies have been 
performed in rats and rabbits and there is no evidence 
of harm to the animal fetus. The relevance to the 
human is not known. Safe use in pregnant women 
other than those in labor has not been established. 


Until further clinical experience is gained, paracervical 
block with Marcaine is not recommended. Fetal brady- 
cardia frequently follows paracervical block with some 
amide-type local anesthetics and may be associated 
with fetal acidosis. Added risk appears to be present 
in prematurity, toxemia of pregnancy, and fetal distress. 


The obstetrician is warned that severe persistent hy- 
pertension may occur after administration of certain 
oxytocic drugs, if vasopressors have already been 
used during labor (e.g., in the local anesthetic solution 
or to correct hypotension). 


Solutions containing a vasoconstrictor, particularly 
epinephrine or norepinephrine, should be used with 
extreme caution in patients receiving monoamine oxi- 
dase (MAO) inhibitors or antidepressants of the 
triptyline or imipramine types, because severe, pro- 
longed hypertension may result. 


Local anesthetics which contain preservatives, i.e., 
those supplied in multiple dose vials, should not be 
used for caudal or epidural anesthesia. 


Until further experience is gained in children younger 
than 12 years, administration of Marcaine in this age 
group is not recommended. 


Precautions: The safety and effectiveness of local 
anesthetics depend upon proper dosage, correct tech- 
nique, adequate precautions, and readiness for 
emergencies. 


The lowest dosage that gives effective anesthesia 
should be used in order to avoid high plasma levels 
and serious systemic side effects. Injection of re- 
peated doses of Marcaine may cause significant in- 
crease in blood levels with each additional dose, due 
to accumulation of the drug or its metabolites or due 
to slow metabolic degradation. Tolerance varies with 
the status of the patient. Debilitated, elderly patients 
and acutely ill patients should be given reduced doses 
commensurate with age and physical condition. 


Solutions containing a vasoconstrictor should be used 
cautiously in areas with limited blood supply, in the 
presence of diseases that may adversely affect the 
patient's cardiovascular system, or in patients with 
peripheral vascular disease. 


Marcaine should be used cautiously in persons with 
known drug allergies or sensitivities, particularly to 
the amide-type local anesthetics. 

Serious dose-related cardiac arrhythmias may occur 
if preparations containing a vasoconstrictor such as 
epinephrine are employed in patients during or follow- 
ing the administration of chloroform, halothane, cyclo- 
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Marcaine HCI Epinephrine* | Methyl- Sodium Thio- Ascorbic 
(brand of (as bitartrate) | paraben Bisulfite glycerol Acid 
bupivacaine HCI) 
% mg./ml. Dilution mg./ml. mg./m. —ml/ml — mg./ml. 
0.25 2.5 = 1 — — — 
0.25 2.5 1:200,000 1 0.5 001 2 
0.5 5.0 — 1 — = — 
0.5 5.0 1:200,000 1 0.5 001 2 
0.75 7.5 — 
0.75 7.5 1:200,000 Not Available in Vials 


MULTIPLE DOSE VIAL 





propane, trichloroethylene, or other related agents. In 
deciding whether to use these products concurrently 
inthe same patient, the combined action of both agents 
upon the myocardium, the concentration and volume 
of vasoconstrictor used, and the time since injection, 
when applicable, should be taken into account. 


Caution is advised in administration of repeat doses 
of Marcaine to patients with severe liver disease. 


Adverse Reactions: Reactions to Marcaine are char- 
acteristic of those associated with other amide-type 
local anesthetics. A major cause of adverse reactions 
to this group of drugs is excessive plasma levels, 
which may be due to overdosage, inadvertent intra- 
vascular injection, or slow metabolic degradation. 


Excessive plasma levels of the amide-type local anes- 
thetics cause systemic reactions involving the central 
nervous system and the cardiovascular system. The 
central nervous system effects are characterized by 
excitation or depression. The first manifestation may 
be nervousness, dizziness, blurred vision, or tremors, 
followed by drowsiness, convulsions, unconscious- 
ness, and possibly respiratory arrest. Since excitement 
may be transient or absent, the first manifestation may 
be drowsiness, sometimes merging into unconscious- 
ness and respiratory arrest. Other central nervous 
system effects may be nausea, vomiting, chills, con- 
striction of the pupils, or tinnitus. The cardiovascular 
manitestations of excessive plasma levels may include 
depression of the myocardium, blood pressure 
changes (usually hypotension), and cardiac arrest. In 
obstetrics, cases of fetal bradycardia have occurred 
(see Warnings). 


Allergic reactions, which may be due to hypersensi- 
tivity, idiosyncrasy, or diminished tolerance, are char- 
acterized by cutaneous lesions (e.g., urticaria), edema, 
and other manifestations of allergy. Detection of sen- 
sitivity by skin testing is of doubtful value. 


Reactions following epidural or caudal anesthesia 
also may include: high or total spinal block; urinary 
retention; fecal incontinence; loss of perineal sen- 
sation and sexual function; persistent analgesia, 
paresthesia, and paralysis of the lower extremities; 
headache and backache; and slowing of labor and 
increased incidence of forceps delivery. 


Treatment of Reactions. Toxic effects of local anes- 
thetics require symptomatic treatment; there is no 
specific cure. The physician should be prepared to 
maintain an airway and to support ventilation with 
oxygen and assisted or controlled respiration as re- 
quired. Supportive treatment of the cardiovascular 
system includes intravenous fluids and, when appro- 
priate, vasopressors (preferably those that stimulate 
the myocardium). Convulsions may be controlled with 
oxygen and intravenous administration, in small incre- 
ments, of a barbiturate, as follows: preferably, an 
ultrashort-acting barbiturate such as thiopental or thi- 
amylal; if this is not available, a short-acting barbiturate 
(e.g., secobarbital or pentobarbital) or diazepam. Intra- 
venous barbiturates or anticonvulsant agents should 
only be administered by those familiar with their use. 
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FORMULA 
SINGLE DOSE AMPUL 

6096 Edetate | Sodium Thio- Ascorbic 6096 Edetate 
Sodium Calcium | Bisulfite glycerol Acid Sodium Calcium 
Lactate Disodium Lactate Disodium 
mi/m. mg/m.| mg/m. — m/m. mg/m. — ml/ml — mg./ml. 

0017 0.1 5 001 2 0017 01 

0017 0.1 5 001 2 0017 0.1 

s a 22. NE a 


Note: The pH of these solutions is adjusted with sodium hydroxide or hydrochloric acid. Sodium chloride has been added to make each solution isotonic. 


*Solutions of Marcaine that contain epinephrine should not be autoclaved. 
Federal law prohibits dispensing without a prescription. 


Let the healing begin 
in pain-free comfort 


Of all commonly used local anesthetics, 
Marcaine® defers pain for so long, 
there's significantly less need 

for postoperative analgesics. ' 


(Mearcaine hydrochloride 
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bupivacaine hydrochloride 


with or without epinephrine 1:200,000 
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This new Concept 9600 Electrosurgical Generator 
provides the “kindest cut of all” Innovative 
design: minimizes heat trauma to sur- 

rounding tissues, fulgurates as well as 

or better than a spark gap generator. 
is 99% isolated for unexcelled 

safety and is versatile enough 

for every electrosurgical appli- 
cation. If you would like to 
standardize on one generator. 

this is the one. 
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7 The Role of Graft Material In Femorotibial Bypass Grafts 


WILLIAM H. EDWARDS, M.D., JOSEPH L. MULHERIN, JR., M.D. 


*Newer"' graft substitutes are being widely used in arterial 
reconstructive procedures in the infrafemoral region. A retro- 
spective study of 101 consecutive femorotibial bypass grafts 
compares autogenous saphenous vein (ASV), polytetrafluoro- 
ethylene (PTFE), and glutaraldehyde tanned (GA) human 
umbilical cord vein, Symptoms prompting arterial recon- 
struction was rest pain or tissue necrosis in 90%. ASV (57 
bypasses) was the material of choice, but when inadequate 
or unavailable PTFE, (29 bypasses) or GA (15 bypasses) were 
used. The immediate and one year patency in ASV was 
92-82%. A high incidence of failure occurred in both the PTFE 
and GA grafts so that patency at one year was 24 and 10% 
respectively. An overwhelming statistical significance occurs 
with respect to patency in the three groups of grafts (p — 0.0002). 
This extremely high incidence of failure in these graft materials 
has prompted us to use cephalic and basilic veins in those 
patients which we feel require arterial reconstruction for relief 
of symptoms. 


IMB SALVAGE OR THE RELIEF of symptoms in lower 
L extremity arterial occlusive disease is best ac- 
complished by restoration of flow to an appropriate 
distal patent artery.'?5 The use of the infrapopliteal 
(tibial or peroneal) arteries has been shown to be 
feasible." Autogenous saphenous vein (ASV) has been 
. accepted as the most suitable graft material for such 
arterial reconstruction below the inguinal ligament.'? 
Cephalic or basilic veins from one or both arms may 
likewise serve as a source for autogenous venous 
tissue.! 

The demand for available venous graft material has 
increased with the advent of coronary artery bypass 
surgery. The patient with multiple system involvement 
with arteriosclerotic occlusive disease may require 
several vascular reconstructive procedures for relief of 
symptoms or salvage of lower limbs. The graft 
materials which can be effectively used in large arterial 
reconstruction are generally not suitable for smaller 
arterial bypass. As a result, there are increasing 
demands for newer synthetic materials. Bovine hetero- 
grafts,? Sparks Silicone Mandril," as well as venous 
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allografts? have been tried but found to be unac- 
ceptable. 

Glutaraldehyde-tanned human umbilical veins* 
(GA)! and polytetrafluoroethylene* (PTFE)" are the 
latest materials to be placed in the femoropopliteal 
position. A natural extension of the use of these graft 
materials was for distal tibial and peroneal bypass. 

This report examines the early results (up to one 
year) in a series of 101 consecutive bypass grafts to 
tibial or peroneal arteries in patients with significant, 
symptomatic occlusive disease of the lower extremities. 
Since ASV was not used in all cases, we were able to 
compare the results of ASV, PTFE and GA. 


Materials and Methods 


This study consisted of 101 consecutive patients 
treated during 1977 and 1978 who underwent distal by- 
pass grafts to the tibial and peroneal vessels. ASV 
was the bypass material of choice if available and if 
felt to be adequate at the time of harvest. If ASV was 
unavailable, PTFE or GA were used as the second 
choice. GA were used less frequently because of a high 
incidence of technical problems as well as early failures. 

The patients ranged in age from 42 to 96 years. Eighty 
per cent were in the 60—80 age range (Fig. 1). Males 
outnumbered females four to one. 

Claudication was an infrequent presenting symptom 
in those patients requiring distal bypass (Table 1). In 
the three types of grafts, only 7% had claudication as 
the symptom requiring operation. Rest pain and/or 
tissue necrosis were the indications in the remaining 
93% of patients. Ulcerative lesions were present in 32 
and 31% respectively of the ASV and PTFE grafts. 
The patients receiving GA had a higher percentage of 
rest pain (86%) with less tissue necrosis (7%) when 
compared to the ASV and PTFE. 





* Biograft, Meadox Medicals, Inc., Oakland, NJ. 
+ W. L. Gore & Associates, Elkton, MD. 


0003-4932/80/0600/0721 $00.80 © J. B. Lippincott Company 


721 


722 








ASV 
EH PTFE 
GA 


PATIENTS 
z 


40-49 50-59 


60-69 
YEARS 


Fic. 1. Grafts performed in each age range. 


All patients considered candidates for distal bypass 
were assessed preoperatively with the usual laboratory 
screening, chest x-ray and EKG. Arteriograms de- 
signed to demonstrate the status of the arterial system 
to and including the pedal arch were obtained. In those 
cases in which adequate visualization of the distal 
patency was not satisfactory prior to operation, intra- 
operative arteriography was performed. 

The choice of distal artery was determined by the 
arteriographic assessment, as well as the presence or 
absence of tissue necrosis. Several patients in this 
series required distal bypass for skin necrosis at the site 
of ASV harvest at the time of coronary artery bypass. 
In those patients receiving ASV, the three distal vessels 
were used with equal frequency (Table 2). In PTFE 
bypasses, the anterior tibial and peroneal were used 
less frequently than the posterior tibial. In GA grafts 
the anterior and posterior tibial were used with equal 
frequency. 

Exposure of the vessel to receive the distal bypass 
was accomplished at the point which, on arteriogram, 
seemed most suited for an anastomosis below the oc- 
clusion. Exposure of the peroneal artery was ac- 
complished with medial rather than lateral approach 
and removal of a portion of the fibula. Grafts to the 
peroneal or posterior tibial were tunnelled along the 
medial thigh. ASV was placed back in its superficial 
position in the thigh while PTFE and GA were tun- 
nelled deeper. 

Bypass grafts to the anterior tibial artery were some- 


TABLE l. Symptoms Requiring Bypass (101 Bypasses) 


Claudication Rest Pain Ulceration 
ASV 7 32 18 
PTFE 2 18 9 
GA l 13 l 
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TABLE 2. Vessels Receiving Bypass 


ASV PTFE GA 
Anterior tibial 16 7 6 
Peroneal 18 3 3 
Posterior tibial 23 17 . 
Total 57 29 15 


times carried along the lateral aspect of the thigh to reach 
the distal artery. If the medial approach was used, the 
graft was passed through the interosseous membrane. 

The common femoral artery was the site of origin of 
the proximal anastomosis in each of these cases. In a 
few instances, patients had received a previous aorto- 
femoral bypass graft. In such situations, the proximal 
suture line arose from the distal aortic bypass graft. 

Femoropopliteal ASV bypass grafts had been previ- 
ously performed in 35 patients in this series (Table 3). 
Fifteen of the PTFE group and seven of the GA had a 
previous femoropopliteal graft. Fourteen patients had, 
in addition, their ASV used for femoropopliteal bypass 
in the contralateral extremity. 

The ipsilateral ASV was our first choice in every 
distal bypass to be performed. If the ipsilateral ASV 
was unavailable or unsuitable for use, the contralateral 
ASV was used. Arm veins have been used and described 
in the past, but were not used during this series. Both 
PTFE and GA grafts were handled in the manner de- 
scribed by the manufacturer and supplier. Both 6 mm 
and 6.5—4.5 mm taper PTFE grafts were used. The 
GA grafts were 5-6 mm grafts as supplied by the 
processor. Our experience would lead us to describe 
PTFE as a fairly ideal material to use for bypass while 
the GA grafts presented some technical problems. 

Meticulous surgical technique cannot be over- 
emphasized in harvesting the ASV. Incisions must be 
properly placed to avoid an ischemic skin flap. As has 
been our practice for the last four years, all branches 
of the ASV were ligated with ligaclips.: This tech- 
nique has resulted in a clip blowing off only once in over 
350 ASV bypasses. 

Antibiotics were administered to all patients in the 
series several hours prior to surgery and for a period of 
24 hours. Further antibiotics were not given without 
specific cause. Intraoperative heparin, 5000 units 
was used during arterial occlusion and was neutralized 
on completion of the arterial procedure with an equal 
amount of protamine sulfate. 

Stasis was achieved in the distal artery with an 
internal arterial occluder (Fig. 2a and b). We have found 
this technique to be extremely atraumatic to the tibial 


t Ethicon, Somerville, NJ. 
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TABLE 3. Additional Operative Procedures 


ASV PTFE GA 
Previous femoropopliteal 13 15 7 
Femoropopliteal contralateral ext. 6 5 3 


and peroneal arteries, allowing a meticulous graft to 
artery anastomosis. Optical magnification was also 
used in every distal anastomosis, giving the best op- 
portunity for an error free suture line. Intraoperative 
anteriograms following restoration of blood flow were 
obtained if there was any question regarding distal 
patency. 


Results 


Our policy in the management of the patient with 
symptomatic femoral occlusive disease has been to 
offer bypass graft as the best available technique to 
relieve symptoms and to allow healing of distal ulcera- 
tive lesions." As surgical skills have improved, we have 
continued this approach with extensions to tibial and 
peroneal arteries with results that would seem to 
warrant its continued use. 

In this series, there were no hospital deaths and no 
major morbidity. The most significant problem was 
tissue necrosis at the sites of incisions for harvesting 
the ASV. Creation of a flap because of poor placement 
of the skin incisions over the vein was a worrisome 
problem but led to no major graft infections or loss of 
circulation. 

Three patients died during the follow-up period. 
In two of these, ASV's were functioning two and three 
months respectively following discharge from the 
hospital. The third patient died six months following 
discharge from the hospital, and as far as is known, 
had a functioning PTFE graft. 

The distal artery receiving the bypass seemed to have 
little to do with patency during this short evaluation 
period. The anterior tibial artery was used for 39 bypass 
grafts. Three of the early ASV failures were to the 
anterior tibial artery. One of these was an inadequate 
ASV and the run-off artery probably had little to do 
with the failure. In spite of the 20 graft failures within 
the first month, only three patients required immediate 
amputation. 

The six month patency rate for ASV was 85% while 
the patency rates for PTFE and GA were only 40 and 
23% respectively (Fig. 3). 

A continued follow-up to one year for all PTFE and 
GA grafts revealed only six out of 29 PTFE grafts 
(21%) and one of 15 GA grafts (7%) patent. In contrast, 
47 out of 57 (82%) ASV grafts were patent at the end 
of the year follow-up. 
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In the PTFE and GA bypasses, the extremely high 
failure rate at up to one year seemed to indicate that the 
graft material was the prime cause for the failure and 
not the distal vessel, the presence or absence of a pedal 
arch or number of distal vessels patent. Considering 
the two deaths in the ASV groups as failures and the 
PTFE as a success, the p value for the analysis is 
highly significant (p — 0.0008). An overall analysis 
reveals an overwhelming statistical significance with 
respect to success rates associated with these different 
patient groups (p = 0.0002). 


Discussion 


This study of 101 consecutive femorotibial bypass 
grafts is a retrospective study initiated as we become 
aware of the low patency rates of the "newer" graft 
materials when carried into the tibial and peroneal 
arteries. Our attitude in offering distal bypass as a 
salvage procedure in the patient with severe occlusive 
disease has not altered. Restoration of direct arterial 
flow seems more desirable than alternatives.*^'* It has 
been shown that infrapopliteal bypass with ASV is a 
safe surgical procedure that will lead to limb salvage ina 
high percentage of elderly patients.'' Admittedly this 
population was a wealth of other diseases (diabetes 
and ASHD) which limit their life expectancy, but in and 
of itself, this is no reason not to offer to relieve symp- 
toms and suffering. 

As an extension of the ASV popliteal, infrapopliteal 
and tibial bypassing, newer arterial substitutes have 
been proposed for distal bypass grafting. It has been 
suggested that certain of these materials might even be 
better than ASV. The ultimate test, however, of an 
arterial substitute is long-term patency. 

On the basis of favorable early patency rates in 
experimental animals and a few arterial substitutes, 
PTFE and GA began to be used for femoropopliteal 
and distal bypasses. Early reported experience indicated 
early patencies comparable to ASV. Many reports, 
however, did not delineate the site of distal anastomosis 
but rather included all grafts as femoropopliteal. This 
makes interpretation of patency rates difficult. It is felt 
that a significant difference exists between anastomosis 
to the popliteal above the knee and the distal popliteal 
and/or tibioperoneal arteries. 

In those patients requiring bypass with no ASV, 
we began to use PTFE and GA to peroneal and tibial 
vessels. These newer graft materials were used only 
when ASV was unavailable or inadequate for use. The 
growing use of the ASV in coronary revascularization 
creates the situation in which patients with symptomatic 
distal occlusive disease had insufficient ASV for a distal 
bypass. 
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Early in this study, we too were impressed by the 
"new" arterial substitutes. PTFE was readily available, 
handled easily, sutured with ease, and decreased opera- 
tive time considerably. GA also became readily avail- 
able, but was somewhat more difficult to work with and 
certainly was more difficult technically to insert. 
Operative time, however, was also lessened. Immediate 
patency for the first several days was encouraging. 

A high incidence of thrombosis, however, began to 
appear in both the PTFE and the GA grafts. It was not 
unusual to return the patient to the operating room on 
at least one occasion following the original operation. 
In assessing the statistical follow-up in situations in 
which repeated attempts to restore circulation occurred, 
it became exceedingly difficult to classify the graft 
failures. We therefore considered a multiple failure as 
a single attempt and single failure rather than increasing 
the number of grafts and consequently the number of 
failures. Attempts at the use of antiplatelet or anti- 
thrombogenic drugs (Persantine, aspirin) did not seem 
to alter this thrombotic problem. 

Repeated graft thromboses were discouraging but 
our approach continued to stress the need for direct 
arterial inflow to achieve the desired results. If the 
patient had been willing to undergo the procedure to 
relieve symptoms, then we felt obligated to do every- 
thing within reason to achieve success. Only if the 
patient's condition was precarious did we abandon 
attempts to restore flow. 

In spite of repeated thrombectomies and achieving 
immediate flow, the PTFE and GA grafts failed in a 
high percentage during the first six months of follow-up. 

In view of our experience, we no longer use PTFE 
or GA material for distal tibial or peroneal bypass 
grafting. Continued patency in the above the knee 
popliteal position for PTFE is encouraging and we 
continue to selectively use it in those patients with an 
acceptable patent popliteal artery above the knee. 

We prescribe aspirin or Persantine but are not sure 
what role it should assume. 

The role of these graft materials to the below the 
knee level is, in our opinion, unclear. We are, there- 
fore, very cautious in placing the grafts below the knee 
and do so only as a last effort in limb salvage. 

It is anticipitated that in due time the exact role of 
material other than ASV will become clearer. It is the 
hope of surgeons performing arterial reconstructive 
surgery than an acceptable "shelf" material will be- 
come available. 
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DISCUSSION 


DR. JERE W. Lorb, JR. (New York, New York): This report by 
Drs. Mulherin and Edwards is a sobering one regarding PTFE 
prostheses. In New York City recently, in a symposium supported 
by the Gore-tex people, two distinguished vascular surgeons re- 
ported their results with the Gore-tex graft with results equal to their 
experiences with autologous vein grafts. There were many of us in 
the audience who had done a few ofthese with results quite different. 

Two and a half years ago I began to use the Gore-tex prosthesis. 
In some 22 patients the results were gratifying until about the tenth 
to sixteenth month, when some of them began to close abruptly, 
so quickly that a patient who had been seen on a Friday called up on 
a Monday to say he was in trouble. 

Drs. Veith and Jacobson have reoperated and disobliterated these 
Gore-tex grafts with considerable success. I have only tried it twice 
in one patient, and it failed within two months on each occasion. 

In may experience with vein grafts when trouble begins, symptoms 
or signs of insufficiency develop over a period of weeks or months 
so that you have the opportunity of doing something about it, 
regardless of whether the pathologic process is located proximally, 
distally or the vein itself. 

Dr. G. Rossi has inserted more than 100 Gore-tex prostheses, of 
which 23 were to the tibial peroneal arteries. Of ten patients who 
lived and were followed more than one year, only four were patent. 
That's similar to the data in the abstract of Dr. Edwards. 

As a result of our dissatisfaction with the Gore-tex prostheses 
for the distal popliteal- and tibial-peroneal arteries, we are again 
employing the composite Dacron/vein graft, with either fresh 
autologous or frozen homologous veins. This was presented in 1974 
before this Association, and follow-up at that time was one to six- 
teen months. Presently, I'd like to update briefly what happened to 
those 36 patients representing 38 limbs, all followed more than three 
years. The patients were such poor risks that 18 died within three 
years, leaving 18 to survive beyond that period. Of the 38 bypasses, 
ten went to the tibial-peroneal vessels, and of these four were patent 
at one year, and remained patent thereafter. It would seem therefore 
that this combination leads to a longer successful follow-up than 
the Gore-tex prosthesis. As Dr. Edwards noted, it is possible that 
none of his grafts will be patent at the end of two years. 

(Slide) This is the technique we developed. We join the prosthesis 
end-to-side to the vein, which is transfixed proximal to the 
anastomosis so that there will be no turbulence. The vein is anas- 
tomosed to the tibial or the distal popliteal artery, which is a much 
better anastomosis than we can fashion with prostheses to small 
vessels. At the proximal end the prosthesis is sutured to the common 
femoral artery as a rule, and it fits better than a small, reversed 
autologous vein. 


Some of these patients had cephalic veins, as Dr. Edwards 
mentioned, and some of them had frozen homologous veins which 
were stored up to three or four months. Our results with the frozen 
homologous veins removed at the time of varicose vein stripping 
have shown a 40% patency rate in contrast with a 58% patency 
rate with the autologous saphenous vein when used for composite 
grafts. 

(slide) This patient had a preoperative angiogram for an ulcera- 
tion of the foot. The only outflow in this isolated popliteal vessel 
was form one medial geniculate artery. 

(slide) A composite graft was inserted from the common femoral 
down to the distal popliteal. This shows the streamlined anastomosis 
between the prosthesis and the vein. 

(slide) This is the postoperative angiogram a few weeks later. 
The foot improved for two weeks and then began to deteriorate. 
When this angiogram was done, you can see there has been some 
thrombosis of the isolated segment, but the vein graft goes in here; 
again, only one vessel, the medial geniculate, communicates with 
the distal peroneal artery. 

(slide) A jump vein was then taken from the vein to the peroneal 
artery, and that functioned for two years, at which time he died of 
an acute coronary occlusion. 

(side) In brief, this is our experience with the 38 limbs. The overall 
patency rate was 58%. Of the ten to the tibio-peroneal arteries four 
were patent at one year and thereafter. 

I have two questions to ask of Dr. Edwards. 1) In his Gore-tex 
prostheses did he use the tapered variety, 6.2 mm to 4% mm, or were 
they all 6 mm to 6 mm? 2) Has he had any experience with the 
knitted double-velour Dacron grafts for a tibial-peroneal anastomosis? 


DR. JAMES SAUNDERS DONAHOO (Baltimore, Maryland): We have 
had experience in 42 patients in whom Gore-tex shunts have been 
used predominantly for creation of systemic to pulmonary arterial 
shunts and repair of interrupted aortic arch. In contradistinction 
to Dr. Edwards' experience, we have had an excellent late patency 
rate. In the 33 patients followed for up to 3% years, 32, or 98%, have 
maintained long-term patency. 

I think there are some technical differences in the procedure. 
We have found that the use of very fine suture material is important 
because of ingrowth of fibrous tissue at the site of anastomosis. 
This has been reported by others. 

I think the lack of crimping in this Gore-tex graft makes it a less- 
than-ideal prosthesis for long grafts that will bend. We try to avoid 
kinking; and our early, initial experience with central aorto-to- 
pulmonary arterial shunting was fraught with some kinking problems. 
We now do this from the aorta or the subclavian artery to the pul- 


726 EDWARDS AND MULHERIN 


monary artery to avoid kinking of the graft. This is an important 
technical point. 

I'd like to ask the authors some questions. Why did these grafts 
fail? Where was the area of failure? Was it at the proximal 
anastomosis? Was it at the distal anastomosis? Were the grafts 
kinked? And was there—an important point — intima! proliferation 
in these Gore-tex grafts? 

I would also ask the authors about their experience with the 
cephalic and basilic veins. We have used these veins occasionally 
in aortocoronary bypasses, and have found them to be difficult to 
work with, because they are extraordinarily thin. In several patients 
we have created radial arteriovenous fistulae to mature these cephalic 
and basilic veins, and have found that this has enhanced the use of 
these grafts, making them a little thicker and easier to work with. 


DR. L. H. HOLLIER (New Orleans, Louisiana): We have likewise 
had similar bad results with the PTFE grafts and with the 
umbilical vein grafts. 

I would like to mention one technical aspect that we have found 
to make a difference in our grafts when using PTFEs. A while 
back we found an inordinate number of early failures, at 24 to 48 
hours, in using PTFE grafts to the tibial vessels. In trying to do 
something about this, we started using vein patches onto the tibial 
vessel; if we didn't have an adequate vein for a complete bypass, 
we would at least put a vein patch into the tibial vessel. and then 
suture the PTFE into that vein patch. We have more than 
doubled the patency rates since doing that. 

I don't know if you have used this technique, but would be 
interested in hearing your thoughts on this. We feel that possibly 
the improved results that we found may be due to lessened rigidity 
at the anastomotic site, and thereby may possibly prevent some 
kinking that can occur in this area. 


DR. WiLLIAM H. EDWARDS (Closing discussion): I believe the 
$64 question was asked by Dr. Donahoo: Why do these grafts fail? 
I wish I knew. 

We have written on the use of the vein patch, but have not used 
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it regularly at the site of the distal anastomosis. I think that our 
experience would indicate that failure does occur at the suture line. 
both proximal and distal, but have not been impressed with intimal 
proliferation being present at the suture lines. Earlier in our experi- 
ence, we had occasion to perform a thrombectomy on a PTFE graft 
inserted by another surgeon, and were impressed with the lack of 
intimal proliferation that we saw in this graft. It was on this basis 
that we decided that PTFE should have a clinical trial. 

We undertook the use of the graft, but as our results are ac- 
cumulating, we do not feel that we want to continue to use it. 

In answer to Dr. Lord's question, we used both tapered grafts 
as well as straight grafts and found absolutely no difference in the 
failure rate between a 6.5 to 4.5 taper or a 6 mm or in that range. 

Kinking did not seem to be a problem with the grafts. We do not 
have arteriographic proof of whether kinking was present or not, 
however. Once we had used the Gore-tex graft for a femoro- 
popliteal bypass and it failed, we felt that thrombectomy was 
indicated. If we had put the time and effort in and the patient had 
been willing to have the attempt made to save the extremity, we 
felt obligated to do everything we could to maintain patency. 

In those patients with no saphenous vein we are now again using 
cephalic and basilic veins as a result of the high rate of failure with 
PTFE and glutaraldehyde grafts. It is true that these veins are thinner. 
more delicate to handle than the saphenous vein. In order to achieve 
a distal bypass, it generally requires an anastomosis of at least 
two segments of arm veins. We do not hesitate to put together 
two or three if necessary to achieve satisfactory length to reach 
from the common femoral to the distal vessel. These veins are 
delicate and do require extremely fine suture material to perform 
the anastomosis. We continue to be happy with the use of the 
autogenous venous tissue, however, as opposed to PTFE and 
glutaraldehyde. 

Several weeks ago, at another surgical meeting, there was dis- 
cussion of PTFE, and a statement was made that bovine heterografts 
were buried some years ago and were not used for femoropopliteal 
bypass. It is now time, we believe, to bury PTFE for use in distal 
tibial vessels. 


Arterial Surgery for Arm Ischemia 


A Survey of 136 Patients 


J. H. HOLLEMAN, JR., M.D., JAMES D. HARDY, M.D., F.A.C.S., J. W. WILLIAMSON, M.D., 
SESHADRI RAJU, M.D., F.A.C.S., W. A. NEELY, M.D., F.A.C.S. 


A series of 136 patients with upper extremity ischemia 
requiring operative correction is presented. Causes of the 
ischemia included trauma, atherosclerosis, embolism, iatro- 
genic causes, radiation injury, and cervical rib syndrome. 
Operations included primary repair, various bypass grafts and 
embolectomy. Illustrative case reports are used to emphasize 
important points. The subclavin, axillary and brachial arteries 
have been considered separately. In general, ischemia of the 
arm caused by a discrete lesion is amenable to surgical correc- 
tion with an excellent chance of success. 


SCHEMIA OF THE UPPER extremity requiring opera- 

tive intervention is relatively uncommon. Athero- 
sclerotic occlusive disease involves the arm infre- 
quently, and the rich collateral circulation tends to be 
protective. Nonetheless, there are patients who do 
have significant ischemia of the upper extremity, often 
due to trauma. The purpose of this paper is to present 
a series of 136 consecutive such patients admitted to 
the University Hospital from 1961 to the present, and 
the operations employed will be emphasized. The arm 
ischemia in these patients was produced by a wide 
variety of causes. 


Clinical Material 


There were 20 patients with subclavian artery dis- 
orders, 30 patients with axillary artery disorders, 81 
with brachial arterial disorders, and only five listed 
with radial or ulnar disorders. However, patients with 
hand ischemia who did not have an operation were not 
included, and a considerable number of patients fell 
into this category. The types of lesions which had pro- 
duced arm ischemia included atherosclerosis, trauma, 
embolism, cervical rib problems, congenital atresia of 
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the subclavian artery, Blalock-Taussig operation with 
interruption of the subclavian artery, arteritis, radiation 
injury, and other miscellaneous conditions. 

The various types of lesions and the operations em- 
ployed for relief of the ischemia will be presented in 
series with respect to the subclavian artery, the axillary 
artery, the brachial artery, and the radial and ulnar 
arteries and more distant vessels. 


Subclavian and Innominate Artery Disorders 


Twenty patients had disease involving the subclavian 
or the innominate artery, atherosclerosis being the 
most common cause. Each patient had symptoms of 
arm ischemia ranging from intermittent claudication to 
rest pain. Nine of the 20 patients also complained of 
vertigo, syncope or blurred vision, and these exhibited 
subclavian steal on the arteriograms. The various 
causes of subclavian artery occlusion producing steal 
are atherosclerosis, congenital atresia of the subclavian 
artery, Blalock-Taussig operation, bullet embolism 
from left ventricle, arteritis, and trauma and aneurysm. 


Case 1. (Subclavian steal relieved with axillo-axillary bypass). 
This 68-year-old white man presented with a six-year history of 
intermittent bilateral transient blindness. Physical examination 
revealed a decreased left radial pulse and bilaterial carotid bruits. 
Arteriography disclosed total occlusion of the left subclavian artery 
at its origin, total occlusion of the right internal carotid at its 
origin, high-grade stenosis of the left internal carotid, and left 
subclavian steal. 

It was felt that the subclavian steal should be corrected to reverse 
the flow in the left vertebral artery prior to having a carotid endarter- 
ectomy. This was accomplished by performing an axillo-axillary 
bypass with a saphenous vein graft (Fig. 1). The radial pulses and 
arm blood pressures were equal postoperatively, and he subse- 
quently underwent carotid endarterectomy without difficulty. 
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Comment 


The subclavian steal syndrome was first described by 
Contorni in 1961 and represents a combination of angio- 
graphic findings in which there is 1) innominate or sub- 
clavian stenosis or occlusion, 2) retrograde vertebral 
flow, 3) patency of both vertebral arteries and the 
basilar artery.” The most common symptom is vertigo, 
although the spectrum of symptoms includes ischemic 
arm symptoms such as claudication and paresthesias, 
as well as vertebrobasilar symptoms such as diploplia, 
ataxia, and syncope. A minority of patients with the 
radiographic syndrome are asymptomatic.?!? 

Upper extremity gangrene or stroke resulting from 
subclavian artery disease is uncommon, though it is not 
rare to find some necrosis of the fifth, or the fourth 
and fifth, fingers of the hand in elderly persons who 
have occlusion of the subclavian artery (Fig. 9). 

Our philosophy of management of subclavian artery 
occlusive disease has been progressively modified 
since 1961. During the earlier years of this series the 
ischemia was corrected principally with aortosub- 
clavian bypass (Fig. 2). Seven patients had this type of 
bypass, with one postoperative death due to respiratory 
insufficiency. Another patient underwent subclavian 
endarterectomy. However, during the more recent 
years we have usually employed an extra-anatomic 
bypass such as carotid-subclavian or subclavian- 
subclavian bypass. The carotid-subclavian bypass is 
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Fic. 1. Axillo-axillary re- 
versed saphenous vein by- 
pass for revascularization 
of proximally occluded left 
subclavian artery associ- 
ated with symptomatic sub- 
clavian steal (arrow). Post- 
operatively the arm blood 
pressures were equal and 
the neurologic symptoms 
were abolished (Case 1). 


performed with either a prosthetic graft or preferably 
a saphenous vein graft, using a temporary shunt in the 
carotid in most patients.” The early concern that the 
carotid-subclavian bypass would cause carotid steal 
with neurologic symptoms has been allayed by ex- 
tensive and satisfactory clinical and laboratory experi- 
ence.*^^? The advantages of this procedure over the 
aortosubclavian bypass are that it does not require a 
thoracotomy and also that it avoids the risk of intra- 
thoracic infection. Moreover, carotid-subclavian by- 
pass has proved to be as effective and durable as 
aortosubclavian bypass.?^ 

In those patients with ipsilateral carotid disease or 
innominate disease we have employed the subclavian- 
subclavian or axillo-axillary bypass where appro- 
priate.!*!*?! This procedure shares with the carotid- 
subclavian bypass the advantage of reduced physiological 
insult, compared with the aortosubclavian bypass. A 
retrograde femorosubclavian graft may be employed 
for the correction of arm ischemia, though we have 
not used this bypass ourselves as yet.!^ 

There was only one instance in which subclavian 
injury causes serious distal ischemia, though there were 
other trauma patients in whom subclavian artery inter- 
ruption occurred without major distal ischemia. In one 
patient a bullet embolized from the left ventricle to 
produce complete occlusion of the left subclavian 
artery with subclavian steal. Of course, the pulsatile 
flow may continue through a subclavian artery which is 
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simply the site of a subclavian traumatic false aneurysm 
without interruption or thrombosis of the artery. There 
follows an instance of a patient in whom the subclavian 
artery had been interrupted in all elements except its 
adventitia and the pleura of the upper thorax on the 
left, without extensive bleeding but with complete 
occlusion of the vessel due to contusion, disruption 
of the intima and media, and thrombosis. 


Case 2. (Blunt trauma with multiple injuries). This 22-year-old 
white male was admitted to University Hospital having been 
involved in a motor vehicle accident some two to three hours pre- 
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Fic. 2. Operations for relief of proximal subclavian artery occlu- 
sion. (1) Axilloaxillary bypass. (2) Aortosubclavian bypass. (3) 
Carotid-subclavian bypass, the most commonly used method. (4) 
Subclavian endarterectomy. (5) Carotid-subclavian anastomosis, 
end-to-side. (6) Carotid-subclavian anastomosis, side-to-side. (7) 
Femorosubclavian or femoro-axillary bypass. Either reversed 
saphenous vein or fabric graft may be used but we prefer the vein. 
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VEIN GRAFT 


FiG. 3. (Left) False aneurysm of left subclavian artery secondary to 
MVA blunt trauma. (Right) Correction with reversed saphenous 
vein graft (Case 2). 


viously. He had had no detectable blood pressure when seen at an 
outlying hospital where he was initially resuscitated. 

On arrival at UMC he was noted to be severely obtunded mentally 
and requiring assisted ventilation via an endotracheal tube. Further 
examination revealed reactive pupils, a pulsatile hematoma in the left 
supraclavicular space, no palpable pulses in the left arm with cyanotic 
nail beds, and no response to pain. His left hand, although 
cyanotic, was warm and viable. Peritoneal lavage fluid was grossly 
bloody. Aortogram revealed injury and occlusion of the left sub- 
clavian artery (Fig. 3). 

He first underwent emergency exploratory laparotomy and was 
found to have a large retroperitoneal hematoma and a long liver 
laceration which was controlled. He was further stabilized and 24 
hours later was taken back to surgery where, through an anterior 
thoracotomy, the injured segment of the left subclavian was over- 
sewn and flow reconstituted via saphenous vein bypass graft. He 
developed a good pulse in the left arm. 

His hospital course from this point on was stormy. On the fifth 
postoperative day he required re-exploration of the abdomen for 
massive secondary liver hemorrhage, and he subsequently developed 
a severe respiratory distress syndrome. He died 12 weeks later from 
respiratory complications secondary to his severe head injuries. 


Comment 


The subclavian artery is less frequently injured than 
is the brachial artery or the arteries in the leg.!! Fur- 
thermore, serious ischemia following subclavian injury 
is uncommon because of the rich network of collateral 
circulation about the shoulder. However, regardless of 
the absence of serious distal ischemia, it is important 
to repair injuries to the brachial or the subclavian artery 
promptly, first, because of the continuing potential for 
serious blood loss and, secondly but equally important, 
the fact that a false aneurysm of an artery may gradually 
expand to compress adjacent nerves and produce 
neurologic deficits. Inasmuch as a subclavian injury 
may be present regardless of a palpable distal pulse, 
arteriograms are very important in delineating the 
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COMMON CAROTID 


ANSA SUBCLAVIA 





SUBCLAVIAN ARTERY 
RECURRENT LARYNGEAL N. 


Fic. 4. Injury to the ansa subclavia may result in a temporary 
or prolonged ipsilateral Horner' s syndrome. The recurrent laryngeal 
nerve loops around the right subclavian artery in the neck and 
runs adjacent to the left subclavian artery as it courses from the 
aorta to the thoracic inlet. 


presence and nature of a subclavian injury. More- 
over, the arteriographic identification of the site of the 
subclavian: artery injury will assist in planning the 
appropriate incision. Lesions of the proximal left sub- 
clavian artery are best approached through a left 
thoracotomy incision. The innominate and the proxi- 
mal thirds of the right subclavian artery can be ap- 
proached through a partial median sternotomy or a 
"trap door" incision, if in fact the injury cannot be 
reached through a simple neck incision. The distal and 
middle thirds of the subclavian artery on either side can 
be approached through a supraclavicular incision, with 
excision or division of the clavicle when required. 
Occasionally it may be advisable simply to ligate the 
subclavian artery if distal ischemia is not serious, since 
the presence of infection may render this mandatory; 
but in the absence of infection and with patency of the 
vessels distally, revascularization is almost routinely 
successful. If the vessel must be ligated because of 
extreme circumstances, one can return later and insert 
an appropriate graft for restoration of subclavian artery 
continuity if indicated. 

Obtaining proximal and distal control of a subclavian 
injury can be particularly challenging because of the 
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extensive collateral circulation about the shoulder. 
At times control of the injury can best be accomplished 
by compressing the artery on each side of the injury, 
and then inflating Fogarty catheters proximal and distal 
to the injury. This maneuver will stop bleeding, allow 
precise assessment of the situation, and permit place- 
ment of sutures, with removal of the catheters just as 
the last sutures are being tied down. The ansa subclavia 
and the recurrent laryngeal nerves are to be protected 
(Fig. 4). 


Miscellaneous Other Subclavian Artery Lesions 


Among the various other lesions of the subclavian 
artery which produced distal ischemia were congenital 
atresia of the right subclavian artery proximal to the 
origin of the vertebral artery, a cervical rib with 
thrombosis within the compressed subclavian artery 
and with distal embolism, aneurysm of the subclavian 
artery, arteritis, and the use of the subclavian artery 
for the Blalock-Taussig operation. 


Case 3. (Left cervical rib with axillo-subclavian artery thrombosis 
and distal embolism). This 30-year-old white woman developed 
pain in the left hand 10 days prior to admission to University Hospital. 
There was no history of trauma, diabetes, smoking or heart disease. 
Arteriograms from the referring physician revealed occlusion of the 
brachial artery on the left. 

Physical examination revealed the left hand to be cool with 
cyanotic nail beds. The radial and ulnar pulses on the left 
were absent. Radial artery pressure on the left was 70 mmHg with 
a right brachial pressure of 130 mmHg. 

Chest x-ray disclosed a cervical rib bilaterally, and arteriograms 
showed narrowing of a 3-4 cm segment of left subclavian artery 
adjacent to the cervical rib with dilatation distal to this narrowing. 
Elevation of the arm above the head produced almost complete 
subclavian artery occlusion, with return of pulsations when the 
arm was lowered to the side (Fig. 5). There was also occlusion of the 
left brachial artery at the midportion with collateral reconstitution 
of the radial, ulnar, and interosseus arteries. 

The patient underwent resection of the left cervical and first 
ribs and fogarterization of the brachial artery, with vein patch angio- 
plasty at the arteriotomy site. Postoperatively there was a good 
radial pulse with a warm, painless, noncyanotic hand. 


Comment 


Poststenotic dilatation of the axillary artery distal to a 
cervical rib may eventually result in true aneurysm 
formation (Fig. 6). Thrombus may form and embolize 
to more distal divisions of the arterial tree and pro- 
duce severe ischemia, and thus an offending cervical 
rib should be dealt with promptly. 

The various forms of thoracic outlet syndrome, in- 
cluding cervical rib, usually cause paresthesias, aching 
and weakness of the upper extremity from brachial 
plexus compression. Symptoms of arterial insufficiency 
such as coldness, pallor, or peripheral embolism are 
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Fics. 5a and b. Arteriograms of left subclavian artery in patient with cervical rib, poststenotic dilatation of the artery with thrombus 
formation, and distal embolism producing marked ischemia. (a, left) Arteriogram discloses dilatation just distal to the cervical and first 
ribs. More distally, emboli had produced major obstruction in the brachial artery and its branches. (b, right) Elevation of the left arm above 
the head produced complete cut-off of flow through the subclavian artery at the level of the first rib (Case 3). 


uncommon but do occur. Treatment usually consists of 
removing the first rib and the cervical rib if present. 
In recent years we have used the transaxillary 
approach almost exclusively. 

Use of the subclavian artery to construct the Blalock- 
Taussig shunt for correction of tetralogy of Fallot is a 
well recognized but uncommon cause of subclavian 
steal syndrome and arm ischemia. In an article describ- 
ing a review of the angiograms of 114 children with 
Blalock-Taussig shunts, Folger and Shah identified 
subclavian steal in 12, of whom seven had symptoms 
of vertebrobasilar insufficiency.’ Occasionally gan- 
grene of the arm can result from the Blalock-Taussig 
procedure, particularly if anatomic considerations 
dictate extensive dissection with ligation of many 
collaterals. Total correction of the tetralogy has gener- 
ally relieved the symptoms of subclavian steal.!* 

Congenital atresia of the subclavian artery results 


from failure of development of the fourth aortic arch. 
Although subclavian atresia is frequently associated 
with a right aortic arch or coarctation of the aorta, our 
case had neither. If the symptoms from congenital 
subclavian atresia are sufficiently disabling, the 
standard bypass operations for subclavian steal can be 
used.'? 

Endarteritis or Takayasu's disease is an uncommon 
disorder which primarily affects the branches of the 
aortic arch. Pathologically this disease consists of a 
transmural inflammation of the arterial wall, followed 
by thickening, replacement with fibrous tissue, and 
obliteration of the lumen. The initial symptoms usually 
consist of fever, malaise, arthralgia and weight loss. As 
the disease progresses, tenderness develops in the neck 
and shoulder girdle over the affected vessels. As the 
arterial lumen is obliterated, symptoms of distal 
ischemia develop. Steroids have been used in treatment 
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with variable response. Surgical treatment has been 
used for correction of distal ischemia of aortic, carotid, 
or subclavian occlusion with limited success. 


Axillary Artery Disorders 


Axillobrachial occlusion was caused by trauma, 
embolism and atherosclerosis. Trauma was the most 
common cause of ischemia secondary to occlusion of 
the axillary and brachial arteries. A total of 88 patients 
had traumatic lesions of these two arteries, which in- 
cluded 41 gunshot wounds, 23 lacerations, and seven 
instances of blunt trauma. These injuries were managed 
by end-to-end anastomosis in 35 patients, vein graft in 
24 patients, lateral repair in eight patients, and fascio- 
tomy on only two occasions. The following patient is 
illustrative of the management of patients with gunshot 
wounds. 


Case 4. (Axillary artery gunshot injury with occlusion. Repair with 
vein graft). This 18-year-old black boy was admitted to University 
Hospital after receiving a gunshot wound to the right shoulder eight 
hours prior to admission. Physical examination revealed an entrance 
wound 3 cm below the right clavicle, just medial to the axillary 
fold. There was a large hematoma in the axilla and no pulses 
could be felt in the right arm. Arteriogram revealed a complete 
block of the axillary artery in its distal third. 

The patient was taken to surgery for exploration of the injury. 
He was found to have a rent in the axillary artery about one-half 
inch in length. The damaged portion of the vessel was resected 
and the artery was reconstructed using a segment of reversed 
saphenous vein. Good distal pulsations were achieved and he re- 
covered uneventfully. 


Comment 


Angiography was usually performed on suspected 
axillary artery injuries, first, for diagnosis and, second, 
to define the nature of the lesion and to indicate 
the most appropriate anatomic approach. In the 
management of brachial artery injuries, arteriography 
was usually reserved for those patients in whom the 
diagnosis of arterial injury was in doubt. Operative 
management included proximal and distal control, de- 
bridement of the injured artery, Fogarty catheterization 
for thrombectomy, and reestablishment of continuity. 
In most instances a primary anastomosis was possible, 
but occasionally a saphenous vein graft was required. 
Lateral repair was performed when feasible. Comple- 
tion operative arteriography was obtained whenever 
there was no doubt as to the satisfactory nature of the 
anastomosis even in the presence of a good distal pulse. 


Brachial Artery Disorders 


Brachial artery lesions were caused principally by 
trauma, but atherosclerosis, embolism and radiation 
injury were also met in some patients. 
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Acute Brachial Artery Thrombosis 


Brachial artery thrombosis following cardiac cathe- 
terization was a significant cause of trauma causing 
upper extremity ischemia. There were 15 such injuries 
which required operative intervention. In 13 of these 
patients thrombectomy, debridement, and lateral re- 
pair yielded a satisfactory result. One patient re- 
quired debridement and interposition of a vein graft. 
One other patient required an extra-anatomic saphenous 
vein graft to bypass an infected false aneurysm of the 
brachial artery. 


Case 5. (Cardiac catheterization injury with infection). Ligation 
of brachial artery and extra-anatomic vein bypass). This 30-year-old 
white man had had aortic valve replacement secondary to bacterial 
endocarditis. Shortly after repeat cardiac catheterization he devel- 
oped a false aneurysm of the right brachial artery. This was 
explored and the defect in the artery closed primarily. In the 
postoperative period he developed high fever and bleeding from 
the operative site. Blood cultures grew Staphylococcus aureus and he 
was begun on appropriate antibiotics. The right antecubital fossa was 
re-explored, and the brachial artery was ligated at the site of 
the false aneurysm to control recurrent hemorrhage. However, the 
right hand was now severely ischemic and clearly would not 
survive without revascularization. Therefore, a vein graft was per- 
formed between the brachial artery proximally and the radial artery 
below, through clean tissue planes (Fig. 7). 

The hand was satisfactorily revascularized, the patient recovered 
uneventfully, and has remained well for one year. 


Comment 


The general principles of management of an infected 
false aneurysm were observed in this case. Then the 
false aneurysm "'ruptured"' repeatedly with subsequent 
external hemorrhage, the vessel was ligated through 
clean tissue on both sides of the false aneurysm 
and thereafter the distal circulation was evaluated. 
When there was no detectable flow with a Doppler 
instrument, and since the hand was obviously severely 
ischemic, arterial reconstruction was mandatory. An 
autogenous saphenous vein graft was brought from the 
brachial artery, well above the site of ligation of the 
brachial artery to the radial artery below, through 
uncontaminated tissue planes. The postoperative 
anteriogram is shown in Figure 7. Specific antibiotic 
therapy was employed and the site of ligation of the 
brachial artery healed without event. 


Case 6. (Brachial artery compression by bone fragments — fascio- 
tomy). Fasciotomy was not often necessary in our series, but 
it was useful when required. This 4-year-old girl was admitted to 
University Hospital with a completely displaced left humeral 
supracondylar fracture. Closed reduction was achieved and a cast 
applied. However, a few hours later the radial pulse disappeared. 
The brachial artery was then explored at the elbow and fasciotomy 
was performed. Open reduction of the fracture was carried out with 
a good long-term result. 
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Comment 


Arterial spasm sufficient to cause signs and symp- 
toms of ischemia is uncommon but may follow blunt 
trauma with or without an associated fracture. How- 
ever, before a diagnosis of spasm is accepted, arterial 
compression of thrombosis due to intimal injury should 
be excluded. Spasm should always be confirmed by 
arteriography or surgical exploration. An erroneous 
diagnosis of spasm may result in irretrievable ischemia 
and gangrene. 

Fasciotomy is a valuable adjunctive measure in the 
management of arterial injuries. Compartmental edema 
or contusion can cause impairment of venous drainage 
and pressure injury to nerves and muscles. 


Embolism 


In contrast to the subclavian artery, embolism 
affected particularly the more distal arteries including 
the axillary (four patients), branchial artery (12 
patients), and the radial and ulnar arteries (one patient). 
The emboli were removed by use of a transverse arteri- 
otomy and the Fogarty catheter. The causes of em- 
bolism were, most frequently, lesions of the left side of 
the heart.'* However, in one instance, as noted above, 
thrombosis in the axillary artery was due to a cervical 
rib, producing distal embolization. Unfortunately, two 
patients with brachial artery embolism required ampu- 
tation above the elbow. Each of these two patients 
presented at our hospital with severe ischemia of 
greater than 24 hours duration. 


Chronic Axillobrachial Occlusive Disease with Distal 
Ischemia 


Chronic surgically correctable upper extremity 
ischemia is much less common than is acute ischemia. 
There were five cases of chronic upper extremity 
ischemia in our series that were secondary to brachial 
or axillary lesions. Axillobrachial bypass using re- 
versed saphenous vein graft was successfully per- 
formed in two cases. In two instances old arterial 
trauma was responsible for the chronic arm ischemia, 
which again was corrected with vein graft bypass. 
One of these thrombosed in the postoperative period, 
but the other patient has continued to have a good 
result from a brachial to ulnar bypass. 


Case 7. (Ischemia due to old trauma). This 26-year-old black male 
received a shotgun wound of the left upper arm on April 16, 1978. 
He was referred to University Hospital and was found at arteriog- 
raphy to have a brachial artery injury as well as a humeral 
fracture. Both the radial and ulnar pulses were present but 
weak. He underwent exploration and repair of this arterial injury on 
the night of admission. Reconstruction was performed using a seg- 
ment of reserved saphenous vein. Other wounds were also debrided. 
A fasciotomy was performed four days later. Immediately after 
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Fic. 6. Anatomical features of cervical rib compression with post- 
stenotic dilatation and eventual aneurysm formation. A special 
hazard of this condition is that repeated embolism may occlude 
more and more vessels distally and may produce irretrievable ische- 
mia with gangrene. 


operation the distal pulses were palpable, but these gradually 
weakened until on discharge they were present only by Doppler flow 
probe, though his hand appeared to be well perfused. 

Over the ensuing four months he developed progressive pain in the 
left hand as well as evidence of tissue necrosis at the tips of the 
fingers. A repeat arteriogram was performed which showed occlusion 
of the brachial artery with reconstitution of the ulnar but not the radial 
artery. 

He was subsequently re-explored and the area of obstruction 
bypassed with a reversed saphenous vein graft. The bypass was 
from the proximal brachial artery to the ulnar artery. A good ulnar 
pulse at the wrist was immediately present. The patient's symptoms 
were relieved and he has had no further problems. 

Case 8. (Arterial thrombosis associated with radiation injury). A 
56-year-old black man was admitted to University Hospital complain- 
ing of pain, weakness, and coolness of his right arm and hand. Past 
history revealed that he had undergone resection of a sarcoma from 
his right biceps 25 years prior to admission and received postopera- 
tive irradiation to his right arm. 

Physical examination showed marked atrophy of the musculature 
and chronic edema. No brachial, radial or ulnar pulse was palpable 
in the right arm. Doppler pressure was 80 mmHg systolic in the 
brachial artery and 50 mmHg systolic in the radial artery. Left arm 
blood pressure was 120/70. Arteriogram revealed occlusion of the 
right brachial artery just distal to the take-off of the circumflex 
humeral artery (Fig. 8). 

Surgical correction was achieved with an axillobrachial reversed 
saphenous vein graft. Postoperatively he has done well and has 
excellent pulses in the right arm. Postoperative Doppler studies show 
a brachial systolic pressure of 124 mmHg compared to 120 mmHg 
in the left arm and a radial pressure of 120 mmHg compared to 120 
mmHg in the left wrist. 


Comment 


The cardiovascular system is relatively resistant to 
radiation injury, but this appears to be a valid situation 
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Fic. 7. Extra-anatomic reversed 
saphenous vein bypass, employed in 
the management of an infected brachial 
false aneurysm which followed cardiac 
catheterization (Case 5). 





in which radiation to a sarcoma did produce injury and 
thrombosis of the brachial artery many years later, 
though entrapment by scar tissue may have been a 
factor. 


Radial, Ulnar, and More Distal Artery Disorders 

Forearm and hand ischemia secondary to trauma or 
other injury to the radial, ulnar, or more distal arteries 
was recorded in five instances (Fig. 9). Nonetheless, 
the authors are certain that the incidence of this hand 
ischemia was far greater than that indicated by the 
computer survey, probably because the injuries were 
not appropriately classified or recorded on the patient's 
chart at the time of discharge. The causes of injury to 
these vessels include trauma with or without fractures, 
intra-arterial cannulas for measuring blood pressure, 
inadvertent arterial injections, and miscellaneous other 
small vessel diseases. 


This segment of our report of operations for arm 
ischemia can best be summarized by a few statements. 
First, the traumatic false aneurysms of these vessels 
were managed by formal lateral repair of a false 
aneurysm, by resection óf a segment of the vessel with 
primary end-to-end anastomosis, or by interposition 
vein graft where indicated. The common policy objec- 
tive was to preserve both the ulnar and the radial artery 
in all patients. If thrombosis had been associated with 
the use of arterial cannulas or arterial infection, a 
Fogarty catheter was employed to remove all clots to the 
extent possible. If an arterial cannula was required 
for the continuous monitoring of arterial blood pressure 
or for the availability for frequent arterial blood gas 
measurements, close attention was paid to the condi- 
tion of the hand. The cannula was moved to another 
site when any evidence of significant ischemia occurred 
such as a cold, painful, numb or paralyzed hand. 
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Case 9. (Hand ischemia caused by arterial cannula and vasopres- 
sor drugs). This patient was admitted to University Hospital for 
evaluation of severe atherosclerotic heart disease at age 64. After 
thorough evalution, he underwent coronary artery bypass. His 
postoperative course was very stormy, requiring a long stay in the 
intensive care unit. During this part of his postoperative care he had 
radial artery lines placed for blood pressure and arterial blood gas 
monitoring. In addition, he required epinephrine and dopamine 
infusions for approximately ten days to support the cardiac output. 
Although he recovered and went home in fair general condition, 
he developed dry gangrene of distal phalanges of the index and 
middle fingers of both hands. This was felt to be the result of the 
arterial lines and possibly the long-term epinephrine infusion. 


Sympathectomy 


Our policy has been to use sympathectomy very 
sparingly in the management of arm or hand Ischemia. 
It has occasionally been used for the management 
of causalgia, though in such instances ischemia was not 
a problem. However, if the hand was seriously ische- 
mic, we have employed stellate ganglion blocks to 





Fic. 8. Occlusion of the brachial artery secondary to massive 
radiation therapy for a soft-tissue sarcoma. Corrected with saphenous 
vein bypass (Case 8). 
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br ; 
Fic. 9. Gangrene of the tip of the fifth finger due to atherosclerotic 
occlusion of left subclavian artery at its origin from the aorta. 
Such finger necrosis may be caused by arterial occlusion at any 
point from the aorta to the small vessels of the finger itself. 


identify whether or not subsequent sympathectomy 
might be useful in improving blood flow to the hand. 
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DISCUSSION 


DR. CHARLES Ros (Greenville, North Carolina): I'd like to discuss 
the question of carotid-subclavian bypass for proximal subclavian 
occlusion. We all, when we started doing these, felt that we might 
get steal syndromes and cerebral ischemia as a result of this. Those 
of us who have used this now know that such syndromes do not 
occur clinically. 

Some years ago, with a Polish colleague, we published a paper on 
what happens to the carotid-subclavian flow after a carotid sub- 
clavian bypass, and we made measurements of the flow in animals 
and patients, and it is of interet that if you measure the blood flow 
in the common carotid artery proximal to such a bypass, it rises 
an average of 48% after the bypass is opened. If you measure the 
blood flow of the internal carotid distal to such a bypass, it 
fluctuates slightly, but in general it remains unchanged. And if you 
measure the flow in the subclavian artery distal to such a bypass, 
it rises on the average 48%. 

So, in fact, experimentally and clinically, we do not steal blood 
from the head when we put in a carotid —subclavian bypass. We just 
increase the outflow, and increase the flow through the common 
carotid artery. 


Dr. Jesse E. THOMPSON (Dallas, Texas): Dr. Hardy and his col- 
leagues have given us an all-inclusive survey of lesions responsible 
for arm ischemia. 

He has described the symptomatic patient with proximal sub- 
clavian artery occlusion, and he points out that when these patients 
have symptoms, they need to be operated on. The techniques which 
he has described are quite appropriate and are really very successful. 

Curiously enough, however, the majority of patients with 
atherosclerotic occlusions of the proximal portion of the subclavian 
artery do not require operation, since they are asymptomatic, 
even in the presence of a demonstrable subclavian steal on the X-rays. 
When the collateral circulation breaks down. and symptoms super- 
vene or embolization from an atherosclerotic plaque occurs — some- 
thing that we have come to recognize more recently — then operation 
becomes necessary; but an atherosclerotic occlusion on the X-ray 
alone is not necessarily an indication for a bypass operation. 

Dr. Hardy mentioned arterial damage from radiation therapy. 
This is a rare cause of arm ischemia, but it can be very challenging. 
My colleagues and I have recently seen a patient with severe 
ischemia stemming from a left radical mastectomy, followed by 
radiation therapy, complicated by infection. Time does not permit 
elaboration of the details, but my colleague, Dr. Talkington, 
saved her left arm and relieved her causalgia by means of a dorsal 
sympathectomy and a long bypass graft using Goretex, starting 
at her innominate artery, passing across her neck, and down the 
arm to her left ulnar artery, a graft which has now been patent 
for well over a year. 

Now a word about iatrogenic injuries. Dr. Hardy mentioned the 
injuries encountered with coronary angiograms. The incidence of 
brachial artery injuries from this procedure is in the range of 3—4% ; 
so that in institutions where a great many of these are being per- 
formed there are a number of cases that require thrombectomy with 
a Fogarty catheter, and then repair of the artery. 


Another area for iatrogenic injury is the arterial monitoring line. 
The worst problems that we have seen have come from the brachial 
lines rather than from radial lines. One of our patients actually lost 
a thumb from thrombosis of the artery around a brachial monitoring 
catheter. And as a result of this experience, we prefer the radial 
line at the wrist, and get the catheter out as soon as possible, rather 
than use the brachial line, which some of our anesthesiologists 
advocate. 

Over the years we have continued to employ dorsal sympathec- 
tomy as an adjunct in patients with upper extremity ischemia, 
especially when large vessel reconstruction is not feasibile. In fact, 
we have been more prone to use sympathectomy with occlusive 
lesions than in patients with the classic Raynaud’s disease, or other 
syndromes related to autoimmune phenomena. I would like to 
ask Dr. Hardy if he would comment on the use of sympathectomy 
in these two latter situations. 


Dr. ALTON OCHSNER, JR. (New Orleans, Louisiana): I would just 
like to suggest that the proximal axillary artery is a better alternative 
to the use of the subclavian artery, and it can be used any time that 
you ordinarily would use the subclavian artery, except when you 
want to transplant the vertebral to the subclavian. 

For seven years, I've used the proximal axillary artery, and in 
24 patients have been pleased with it. It’s been universally suc- 
cessful in relieving symptoms with no complications, including no 
Horner's syndrome, Dr. Hardy. 

And I feel that any operation that's easier for the physician has 
got to be better for the patient. 

The proximal axillary artery is easily exposed beneath the 
clavicle in a muscle-splitting incision of the pectoralis major muscle. 
It seems to be thicker than the subclavian, and holds its sutures 
better. 

(slide) The first slide is actually a picture following closure, 
but it shows beneath the clavicle the type of incision that can be 
used to approach this artery, splitting the muscle of the pectoralis 
major. 

(slide) The second slide in this patient shows the bypass from the 
axillary artery on your right to the carotid artery on your left. This 
patient had both an occlusion of the proximal carotid artery and 
stenosis of the internal carotid artery, and the distal end. on the left, 
is used as a patch graft to cover the endarterectomized segment. 
I would recommend using the axillary artery in place of the 
subclavian. 


DR. FRANK E. SCHMIDT (New Orleans, Louisiana): Dr. Robert 
Hewitt and I recently reviewed our experience with severe 
upper limb ischemia, (slide) and over the ten years ending in 1978 
we had 31 cases. "Severe ischemia" was defined as the presence 
of gangrene, rest pain, or truly disabling intermittent claudication. 
Note that one-third of our patients had ischemia on the basis of 
emboli, approximately one-fifth on the basis of arteriosclerotic 
occlusive disease, with obstructive symptoms, and one third due 
to trauma. 

(slide) There are three points which we would like to emphasize. 
The first is that half of the patients who presented with ischemia 
due to emboli had emboli on the basis of lesions in proximal arteries, 
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rather than emboli from the heart. One-half of these patients had 
atrial fibrillation, with distal emboli, but fully one-half had emboli 
on the basis of arterial lesions distal to the heart. 

One other point is that two of our patients had occlusion of 
ulnar arteries, and, despite patent radial arteries, had rather 
severe distal limb ischemia. We feel that with increased use of better 
angiography, an increased incidence of occlusion in forearm 
arteries will be recognized. 

Finally, we would like to recommend the use of the 105 mm 
Photospot camera for upper limb angiography, because it gives 
excellent resolution and permits the visualization of an entire 
arterial system with a single injection of contrast. 


DR. J. H. HOLLEMAN, JR. (Closing discussion): Dr. Rob, I suppose 
the reason that we did not encounter your reference in our survey 
of the literature was because of the language in which it was pub- 
lished. We did encounter some other papers which paralleled our 
conclusions. I think there is fairly universal experience that the 
carotid —subclavian bypass, particularly in the presence of a normal 
internal carotid artery, has not caused significant cerebral ischemia. 
Approximately one-third of our cases of subclavian occlusion were 
treated by the carotid-subclavian bypass. 

Dr. Thompson, we are in agreement with you that subclavian 
atherosclerosis should only be treated operatively when there are 
significant symptoms. There are a fair number of cases in which 
subclavian steal, which is an arteriographic diagnosis, occurs in the 
absence of symptoms. There is another fairly large group in which 
the symptoms are minimal. I will reiterate that we feel that this 
condition should be corrected operatively only for significant 
symptoms. 

We appreciate your case of radiation injury to a brachial artery. 
In addition to our case and your case, we encountered two similar 
cases in the literature in which radiation following radical mastec- 
tomy seemed to have been a prominent cause of brachial artery 
occlusion. 
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In regard to the comment on radial artery catheterization, we 
agree that the radial artery is by far a superior site for intra-arterial 
monitoring than the brachial artery. We have also noticed sub- 
jectively, although we have no hard data to confirm this, that our 
incidence of ischemia of the fingers has become less in recent years 
with the introduction of continuous infusion systems for these 
arterial cannulae. In the early experience, when the patency of 
these cannulae was maintained by periodic flushes, we seem to have 
had a greater incidence of ischemia, probably due to small emboli, 
than we have had in recent years. 

In regard to your question of upper extremity sympathectomy, 
our institutional philosophy has been somewhat different. We have 
used sympathectomy only very occasionally for bypassable 
lesions. We have generally confined the use of sympathectomy to 
lesions of small vessels distally in which no bypass could be per- 
formed satisfactorily. 

Dr. Ochsner, we appreciate your comments regarding your 
preference for the carotid-axillary bypass to the carotid—sub- 
clavian bypass. Our preference in thin patients, in whom exposure 
has been no problem, has been for the carotid—subclavian bypass 
for three reasons. One is that it resulted in a shorter graft, which 
intuitively seems preferable, the graft does not have to be tunneled 
under the clavicle, and the subclavian anastomosis is subject to 
less motion than an axillary anastomosis would be. In an obese 
patient, however, differences in ease of exposure may favor the 
carotid- axillary bypass. 

Dr. Schmidt, we appreciate your comments regarding upper 
extremity arterial emboli. In general our experience has been 
very similar to yours. One exception was that the vast majority ofthe 
emboi in our patients seem to have arrived from the heart, rather than 
the proximal arterial lesion. 

In conclusion, I would like to reiterate what Dr. Hardy said 
earlier. We feel that arm ischemia due to a discrete anatomic 
lesion, with satisfactory runoff, is generally amenable to surgical 
correction with an excellent chance of a good long-term result. 


Infected Median Sternotomy Wound 


Successful Treatment by Muscle Flaps 


M. J. JURKIEWICZ, M.D., JOHN BOSTWICK III. M.D., T. RODERICK HESTER, M.D., 
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The purpose of this paper is to present the experience at 
Emory University Hospital with the infected median sternotomy 
wound and to offer a treatment plan for those patients re- 
calcitrant to the usual therapy of debridement and closed 
catheter irrigation with antimicrobial agents. When standard 
treatment fails, we proceed not only with the necessary thorough 
debridement to convert the wound to a relatively clean one but 
also concomitant closure by pectoralis major muscle flaps to 
completely obliterate dead space. Transposition flaps of 
rectus abdominus muscle or omentum are used when necessary 
to complete the closure. In the initial phase of this study, 
there were 3,239 patients who underwent open heart pro- 
cedures through a median sternotomy approach in the years 
1975 through 1978. In the 50 patients who had wound infec- 
tions (1.54%), there were nine deaths. Three were thought to be 
unrelated to the sternal wound infection, four patients rup- 
tured the ventricle or aorta, two patients died of generalized 
sepsis. Of these 50 patients, 22 responded to simple drainage; 
28 had involvement of the mediastinum (0.86%). Of the 28 
patients, 25 had debridement and closed mediastinal irriga- 
tion by catheter. Fourteen of these 25 did not respond. In 
these failing patients, 12 were treated by further debridement 
and closure by muscle flaps. Nine of these 12 were rescued. In 
the past nine months, an additional 1,052 patients had an 
open heart procedure. Of these, 11 had a median sternotomy 
infection. There have been no deaths in this latter group of 
patients, most of whom were treated by the muscle flap pro- 
cedure. In addition to the improvement in mortality, mor- 
bidity has been reduced substantially. This procedure provides 
for a rational approach that we have found to permit salvage 
of a high percentage of patients who failed conventional 
closed irrigation techniques. 


MEDIAN STERNOTOMY PROVIDES direct access to 
the heart and its intrinsic circulation, the coronary 
vessels. Hence, it has become the standard incision for 
most open heart procedures. When infection com- 
plicates the postoperative convalesence, the patient is 
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vulnerable to infection of the sternum and its conse- 
quent dissolution followed or accompanied by active 
suppuration within the mediastinum (Fig. 1). Coronary 
bypass anastomoses, thereby are subject to septic 
thrombosis or hemorrhage. Prosthetic valves and 
conduits can become seeded with infection.?! The 
consequences may be death or a protracted, stormy, 
morbid course marked by multiple procedures for 
drainage and debridement followed by a slow contrac- 
tion of the wound with final healing often months later. 

In 1969, Bryant, Spencer and Trinkle reported their 
experience with surgical debridement, closed irrigation 
with antimicrobial agents and thoracostomy tube drain- 
age:* a strategem of treatment described by Shumacker 
and Mandelbaum on two patients in 1963.!? Salvage 
of the patient became not only possible but likely.!° 
Nonetheless, morbidity and mortality in adult patients 
remains high. In those patients wherein mediastinal 
lavage has failed or is failing, we have come to use 
additional surgical debridement, copious irrigation at 
the operating table followed by direct closure of the 
wound with muscle to obliterate dead space. 

This paper is an account of such technique in the 
salvage of patients with infected median sternotomy 
wounds unresponsive to closed irrigation with anti- 
microbial agents. 


Clinical Material 


In the initial phase of this study, there were 3,239 
patients who underwent open heart operations through 
a median sternotomy in the years 1975 through 1978 at 
Emory University Hospital. Of these patients, 50 
developed a wound infection (1.54%), Twenty-two re- 
sponded to simple drainage whereas 28 had an infected 
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sternum and concomitant mediastinitis (0.86%). Of 
these 28 patients, 25 underwent operative debridement 
of the wound including infected bone and cartilage. 
Most were then treated by closed mediastinal lavage 
by catheter with dilute neomycin or povidone-iodine'? 
complemented by systemic antibiotics. Eleven patients 
responded to the treatment, 14 did not and three of the 
28 died before treatment could be instituted: two from 
cardiac arrest, another during induction of anesthesia 
prior to the proposed sternal debridement (Table 1). 
In those patients in whom closed irrigation or packing 
failed to halt the septic process, 12 were treated by 
further debridement and obliteration of the dead space 


- by the application of living muscle transposed as a flap. 


In two instances, the omentum was used as an adjunc- 
tive transposition flap to close the wound when muscle 
alone did not suffice. Nine of these failing patients 
survived and were discharged with healed wounds. 

The patients who died did so because of multiple 
organ failure. In one patient, the death was caused by 
erosion of the right ventricle. This patient was also in 
renal failure after recovery from massive postoperative 
bleeding from a duodenal ulcer. Another patient died 
from gram negative sepsis, and renal failure. Muscle 
flaps in this patient served not only to fill the media- 
stinum but also to buttress repair of an infected aorta. 
The death of the last patient was marked by hemor- 
rhage, cardiac failure and renal failure. This patient 
initially had a mitral valve replacement for active 
endocarditis and subsequently had to have the valve 
replaced twice in a two week period for recurrent 
periprosthetic dehiscence. 

This demonstrable ability to salvage nine of 12 pa- 
tients with muscle flap closure who were not responding 
to standard treatment prompted a revision in the 
management of patients with medium sternotomy 





Fic. 1. A 54-year-old man with open infected median sternotomy 
incision one month following a cardiac revascularization procedure. 


INFECTED STERNOTOMY WOUND 


739 


TABLE 1. Sternotomy Infections 


Per Cent 

Total 
Super- Per Cent Wound 

Year ficial Deep e Patients Deep Problems 
1975 l l 367 0.27 0.54 
1976 7 8 677 1.18 2.2] 
1977 6 9 1011 0.89 1.48 
1978 8 10 1184 0.84 1.52 
1979 (8 mos) 2 9 1052 0.86 1.04 
Total 24 37 4291 0.81 1.36 


infections. In the past nine months from January 1, 
1979 to September 1979, there were 1,052 patients who 
underwent an open heart procedure at Emory University 
Hospital. Of these, 11 patients developed wound infec- 
tion. Two were superficial, nine involved the sternum 
and mediastinum. Three patients responded to de- 
bridement, closure of sternum with or without irriga- 
tion. The remaining six had additional debridement and 
closure by muscle flaps when they did not show an 
objective response to standard treatment within 
several days. When suppuration was severe at the 
initial re-exploration, the wounds were packed open, 
treated by thrice daily dressing changes and then 
closed secondarily with muscle flaps as a planned 
procedure. There were no deaths in these nine patients 
with mediastinal infections. Their average length of 
stay in the hospital from the time of diagnosis of wound 
infection and debridement to discharge was 19 days 
with a range from seven to 33 days. In the patient group 
previously treated from 1975 to 1978, the average dura- 
tion of hospital stay after the initial debridement of the 
wound was instituted was 84 days with a range from 
26 to 358 days. There have been no deaths from 
mediastinitis at Emory University Hospital over the 
past two years (Table 1). 


Operative Technique 


Symptoms of sternotomy infection are expressed 
as local tenderness, throbbing and a feeling of loose- 
ness of the sternal repair. There is usually a low 
grade fever, fullness and erythema of the wound.” 
If the infection is restricted to the skin and subcutane- 
ous tissues, local care involves opening of the skin 
incision and appropriate drainage. If the infection is 
deeper and involves the sternum and mediastinum, the 
entire wound is opened, debrided and closed secondarily 
over large mediastinal drainage tubes. A drip of dilute 
antimicrobial agents, usually neosporin, neomycin and 
polymyxin, is also used. When the suppuration is more 
severe, the wound is left open to be treated by trice 
daily dressing change and definitive closure with 
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Fics. 2a and b. (a, left) The internal wound margins have been debrided, the pectoralis major muscles have been mobilized based on the 
internal mammary perforating vessels. The right muscle is bisected to extend upward and downward. (b, right) Diagram of the blood supply of 
the pectoralis major and rectus abdominus muscles. Initially, the pectoralis major muscle flap was rotated based on the thoracoacromial pedicle. 
The upper defect is now filled by transecting the pectoralis major muscle and folding it into the defect based on the branches from the internal 


mammary vessels. 


muscle flaps as a planned secondary procedure. Before 
definitive muscle closure, there must be complete open 
drainage of the wound and no loculated areas of infec- 
tion as indicated by a persistent febrile course. 

Preparation of the wound for muscle closure involves 
excision of the margins of the subcutaneous tissue 
and the sternum. The base of the wound is the epi- 
cardium and great vessels and this tissue is left un- 
disturbed. Infected costal cartilages must be entirely 
debrided back to bleeding rib. If this is not done 
chronic drainage from the cartilage will develop.'' The 
sternum is rongeured back to bleeding.viable bone. 

The wound is then assessed for the appropriate 
amount of muscle tissue necessary for closure. Turn- 
over flaps of pectoralis major muscle based on per- 
forating vessels from the internal mammary artery will 
close the wound to just above the xiphoid process 
(Figs. 2 and 3). If there is significant open wound 
below this or if there is an open space inferior to 
the heart, a flap of rectus abdominus muscle is re- 
quired to close this lower aspect of the wound (Figs. 
4 and 5).^ 

As our experienced evolved, greater omentum was at 
first the tissue of choice for filling the wound with 
vascularized tissue.^5 Next we found that a transposi- 
tion flap of pectoralis major muscle offered a major 
source of well vascularized tissue to fill the wound 
without the risks of an intra-abdominal procedure.! 
Based on its thoracoacromial blood supply, the entire 


pectoralis major muscle was mobilized following divi- 
sion of its insertion and rotated into the wound. The 
more recent technique of folding over the pectoralis 
major muscles based on the internal mammary blood 
supply places more tissue in the wound without as 
much dissection. 

The actual closure technique first involves eleva- 
tion of the skin and subcutaneous tissues off the anterior 
pectoralis major fascia to just lateral to the nipple line. 
The pectoralis major muscle is then elevated from its 
lower rib origins and then divided. The muscle is 
elevated from lateral to medial until the perforating 
intercostal vessels from the internal mammary are 
identified. If the wound is small, which is rarely the 
case, a single pectoral muscle flap will suffice. Usually 
it is necessary to mobilize the opposite pectoralis 
muscle in the same manner. The muscle flaps are then 
turned into the wound and sutured to the sternal 
periosteum. In order to fill a longer length of the wound, 
the pectoralis major muscles can be bisected and inter- 
digitated. 

These pectoralis major muscle flaps may not reach 
the lowest portion of the wound. If so, the rectus 
abdominus muscle is very useful for closing this area.* 
The midline incision is continued to just above the 
umbilicus. The abdominal wall skin on the side selected 
for the muscle flap is elevated to the lateral margin of 
the rectus sheath. The rectus sheath is then divided 
over the mid-portion of the rectus abdominus muscle. 
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FiG. 3(a). The pectoralis major muscles are turned over to fill the upper portion of the wound. (b) Diagram representing the principle of 
rotation of the pectoralis major muscles into the median sternotomy defect by turn-over flaps based on perforating vessels from the 
internal mammary artery. (c) A modification of the turn-over flaps of pectoralis major muscle to fill the median sternotomy defects. One 
muscle is bisected on one side and rotated upward and downward. A smaller flap of opposite pectoralis major is rotated to the 
centeral defect. 


The muscle is divided at the level of the umbilicus 
and elevated by dividing its attachments to the rectus 
sheath. The superior deep epigastric vascular pedicle 
which enters its lower surface from beneath the costal 
margin is preserved. The rectus abdominus muscle can 
now be turned up into the lower wound. We have 
used it also to fill the space beneath the heart several 
times. The anterior rectus sheath is closed with non- 
absorbable sutures. 

The opposing pectoral muscles are sutured firmly 
together. This tends to aid in chest wall stability. The 
sternum is not rewired. The skin and subcutaneous 
tissues are closed over the muscle flaps usually with- 
out need for skin grafts. Subcutaneous drains are 
placed on each side. 

Intraoperative and perioperative bleeding is the most 
frequent problem. It is best managed with meticulous 
control of vessels during muscle flap development and 


replacement with fresh whole blood or appropriate 
blood components. 

There has not been significant functional loss from 
use of the pectoralis major muscles. Use of the rectus 
abdominus muscle has not given rise to the problems 
of hernia or abdominal wall weakness. Most patients 
healed primarily. One patient developed a delayed 
drainage from a chronically infected costal cartilage. 
The sternum, while not entirely firm, becomes quite 
stable in a few weeks. 


Discussion and Conclusion 


The rate of wound infection complicating an open 
heart procedure through a median sternotomy incision 
is clearly below the general rate of wound infections 
in most elective operations regardless of type or site. 
The reported frequency of major wound infection 
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Fic. 4. The lower portion 
of the wound is filled by 
arectus abdominus muscle. 
It is transected at the level 
of theumbilicus and rotated 
into the wound based on 
the deep superior epigastric 
artery and vein. The skin 
margins are sutured. 





following median sternotomy ranges from 0.5 to 5.9% improvement in operative techniques that thereby 
with most series 2% or less.*'^ In general, this low shortens the length of the operative procedure. Re- 
incidence has been attributed to the comprehensive use operation for postoperative bleeding, chronic bronchitis, 
of antibiotics in the perioperative period as well as external cardiac massage for cardiac arrest, prolonged 
mechanical ventilation and the presence of a tracheos- 
tomy all have been implicated in a higher rate of sternot- 
omy infection.?:!! 

Wound infection heralded by continued unexplained 
fever, pain, drainage of fluid through the sternotomy 
or instability of the sternum is now promptly recognized 
and appropriately treated. Debridement, sternal 
closure when possible complemented by mediastinal 
lavage will be effective and definitive in about half 
the patients in our experience. In the remainder, 
infection will progress or closure is impossible. In * 
these patients, we are now convinced that salvage 
is possible with aggressive debridement and oblitera- . 
tion of the dead space with well vascularized tissue. 
In nearly all instances, this can be accomplished with 
pectoralis major muscle flaps to fill in the mediastinum 
and to lend stability to the chest wall. Adjunctive use 
of a transposition flap of the greater omentum based 
on either the right or léft gastroepiploic vessels may 
be necessary in selected cases when the muscle tissue 
is insufficient to provide the volume requisite to 
obliterate totally the dead space. Use of the omental 
flap adds a laparotomy with its potential morbidity 
to an already very stressed patient. 

The rectus abdominus muscle based on the superior 
epigastric vessels that can be turned on itself to fill 
in the lower portion of the mediastinum has also 
proven quite useful. This has the advantage of avoiding 
laparotomy but the rectus abdominus muscle transposi- 
tion does not provide nearly the tissue that does the  ) 
omentum. 





Fic. 5. The patient six months following the wound closure with 
muscle flaps. Using this approach when necessary, there have 
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been no deaths from medium sternotomy infection over 
the past two years at Emory University Hospital. 
Moreover, the morbidity attendant on such a wound 
infection has been substantially reduced from an 
average hospital stay of 84 days to 19 days following 
recognition and initial treatment of the infection. 

We believe that this procedure provides for a rational 
approach to permit salvage of a high percentage of 
patients who fail conventional closed irrigation tech- 
niques. 
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Dr. JOHN L OCHSNER (New Orleans, Louisiana): Dr. Jurkiewicz 
has come up with a new modification to take care of an old and 
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with disruption of the sternum. Now, most of these have not been 
infected, but have been picked up early enough, before they became 
infected. Despite the serious implications of sternal disruption, with 
or without infection, there have been no deaths in our series that 
are related to the infected sternum. We did have one patient that 
died secondary to pulmonary complications, and at the time of 
death had a disrupted sternum, but it wasn't treated surgically, and 
at the time wasn't giving any trouble. 

In all except two of our patients we have been able to get a primary 
union of the sternum, and in these two patients we had to leave the 
wound open and let it close by secondary intension. It is in these 
two patients that, undoubtedly, this operation would have been 
an ideal method, because these two patients took literally close 
to one year before there was healing of the wound, and, of course, 
with an extended morbidity period. | 

As we reported about nine years ago, our treatment today, or our 
management of these patients, is pretty much the same. (slide) In 
those patients in whom there is disruption alone, all we do is go back 
in, close the sternum, and drain the subcutaneous tissue, usually 
with Tefla wicks. You could also drain it with a Penrose drain, and 
close the skin. 

(slide) In those in which there is disruption of the sternum, and 
the infection is secondary, we have done a closed irrigation of the 
mediastinum. We close the sternum, again drain the subcutaneous 
tissue, and close the skin. 

(slide) In the patients that have primary infection with secondary 
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disruption — and those are the patients that Dr. Jurkiewicz is talking 
about today — we again close the sternum, with irrigation of the 
mediastinum, but we pack the skin and the subcutaneous tissue 
open. 

(slide) This is the method that we use. We instill first Betadine, 
diluted 20:1, through a multiperforated cannula, and it’s sucked out 
through a large bore, a catheter about a number 28; these are either 
siliconized or polyethylene catheters, under closed drainage. It’s 
a continuous drainage. After three days of Betadine, we switch over 
to a bactericidal antibiotic solution, usually, kannamycin, two-tenths 
of one per cent, to which 50,000 units of bacitracin is added per liter. 
We continue this for another five days, and then remove the tubes. 

I think the important factor in treating these patients is early 
recognition of the problem and prompt treatment. One of the ways 
to recognize the problem early [slide] is to note the drainage that 
comes from the mediastinal or pleural tubes, if the pleural tubes 
are communicating with the mediastinum. If, suddenly, you see the 
fluid change to this amber-red color, you can make sure that there 
is a disrupted sternotomy. 

In fact, you can increase your diagnositc acumen in front of 
your colleagues by walking by the bedside and saying, '' When did 
this patient disrupt their mediastinal wound?" This is usually 
apparent before one clinically notes that the disruption is present. 

I believe that this is a definite plus for us as cardiac surgeons to 
have the plastic surgeons come again to our rescue. I think it has a 
limited application, but I think it has a definite application in our 
surgical armamentarium. 


DR. JosEPH CUNNINGHAM (New York, New York): About two 
years ago at New York University we reviewed 2600 patients in a 
manner very similar to that presented by Dr. Jurkiewicz's study 
today. At that time our overall sternal infection rate following open 
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heart surgery was 1.5% also, and we noted an alarming mortality 
rate of approximately 10% in that group of patients— obviously 
underscoring the severity of the problem. 

Of interest was the fact that late recognition or treatment of sternal 
infections, that is to say greater than 15 days following initial 
operation, was associated with a rgortality rate three times greater 
than that noted in wounds treated earlier by either open or closed 
techniques. Furthermore, hospital stay for resolution of infection 
was also prolonged to 63 days when treatment was instituted past 
the 15-day mark. Average time to resolution of infection and hospital 
discharge when treatment was initiated early was approximately 
23 days, almost the same as indicated in today's presentation. 

I think the group at Emory are to be commended on their recent 
results, especially over the past nine months. They have shown quite 
clearly that their overall infection rate is still very low but more 
importantly it should be noted that of the 19 infections there was 
not one mortality. 

I have a strong feeling that this success is a function of probably 
two factors: first, early recognition of infection. Obviously this is 
important, but even more important is the judgmental decision to 
treat such infections primarily with a closed technique or to use more 
cautious measures and leave the wound open when there is any 
doubt about the presence of deep mediastinitis. 

Second, as described, the use of viable muscle flaps to close dead 
space and to cover the sternal wound early obviously has dramatically 
reduced not only mortality and morbidity, but significantly shortened 
hospital stay, much in the way skin grafting does in the burn patient. 
While we have not yet adopted this measure at New York University, 
I think it is a principle that we will probably seriously consider in 
view of this morning's data. 

I would like to raise one point which we consider important and 
then pose a question thereafter. We feel that it is inevitable that a 
certain percentage of patients following heart surgery will come to 
reoperation, not only for bypass graft closure or replacement of 
defective prosthetic valves but also as indicated today for an 
occasional sternal wound infection. As a result, we feel very 
strongly that such reoperation is safer if the heart has been previously 
closed with some sort of tissue, be it pericardium, a pleural flap, or in 
the case of multiple reoperations, even a free fascia lata graft. Not 
only does this make resternotomy safer but it usually prevents the 
deep, widespread mediastinitis which occurs around the heart when 
the pericardium is left open and a sternal infection occurs. 

I would be interested to know if your group makes an attempt to 
close the pericardium at the time of initial operation. If you do not, 
then I would like to know your rationale for not doing so. 


DR. P. G. ARNOLD (Rochester, Minnesota): I have had an op- 
portunity to use the pectoralis muscle flap in 29 patients in the past 
three years. Thirteen ofthese flaps have been used for infected sternal 
wounds. In four patients they were used bilaterally. There were 
no deaths in this small group. Five of these patients had previous 
irradiation, and at the request of the authors I'd like to go over a 
couple of these small examples with you. 

(slide) This young woman was irradiated six years before for a 
lymphoma, and then, 18 months prior to this photograph, under- 
went a pericardiectomy for constrictive pericarditis. She had three 
attempts at debridement, and attempts at allowing the wound to heal 
secondarily, and this was her appearance at the time of her referral 
to our group. There was gross pus in the sternum, clearly with 
sternal osteomyelitis and costochondritis. 

This entire sternum was excised, leaving this defect, with the 
heart without the pericardium in the base of this wound. We dressed 
this with Betadine-moistened dressings, and inspected this again 
in 48 hours, and you can see that the heart is clearly drying out, 
in spite of moist dressings. We considered this a distinct emergency, 
and elected to risk the celiotomy through the old midline celiotomy 
wound, and transposed the omentum through the diaphragm to 
cover this drying structure. (slide) This was the appearance at five 
days. The chest was closed with the pectoralis muscles, the left 
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muscle being elevated on its thoracoacrominoneurovascular, and 
the right muscle similarly, thoracoacromial neurovascular leash 
criss-crossed in a bandolier fashion, and then closed. 

Occasionally, with irradiation, you are also confronted with skin 
loss on the anterior sternum, (slide) as in this man, who had a medi- 
astinal malignancv, and then three years later underwent an emer- 
gency median sternotomy that was precipitated by aspiration of some 
pericardial fluid for a cytologic study — which, incidentally, was 
negative. This required excision of this irradiated skin. The sternum 
was not infected. The retrosternal area was inspected, and drainage 
catheters were inserted. Both pectoralis muscles were used in this 
instance (slide) again based on the thoracoacromial axis, the left 
muscle being brought across. It was inadequate to cover this ex- 
posed, irradiated bone; thus the right muscle is brought across. We 
use the nondominant muscle first; if this is not adequate, then we 
take the dominant muscle. 

This results in a wound with this appearance; but since this 
transposed muscle, which has not been irradiated, will accept and 
support a skin graft, that represents no problem in closure. (slide) 
Thus, this is the appearance some several months later. 

I would just simply like to say that this is a commentary on the 
method under discussion, and merely an endorsement ofthe authors' 
presented work, and it works quite well in the irradiated median 
sternotomy wound. 


DR. JOHN Bostwick, III (Closing discussion): Concerning closure 
of the pericardium, yes, the pericardium is closed in young patients, 
and it's closed in patients who are thought to have a possibility or a 
necessity for future reoperation. In the other individuals, the 
pericardium is not closed at the Emory University Hospital. 

It is felt that this is not necessary, because the closure of the 
pericardium over the coronary revascularization and the veins may 
put some undue pressure on these veins and cause some pressure, 
and therefore some thrombosis later on. 

Our current approach to the management of this difficult problem 
has certainly lowered both the morbidity and the mortality. A recent 
audit at the Emory University Hospital revealed that 87% of the 
patients undergoing cardiac revascularization were discharged 
within eight days. Certainly, in the patients who had a deep medi- 
astinal infection, as Dr. Jurkiewicz has shown, the hospitalization 
averaged 84 days. By the institution of the treatment that we have 
proposed today, the hospitalization has been reduced to an average 
of 20 days. 

When there is evidence of infection, as manifest by increased 
drainage from the wound, a mobile sternum, or, certainly, an un- 
explained infection, at this point, certainly, the wound is suspect, 
and when the diagnosis is made, the patient is returned to the 
operating room and the wound is opened. 

At this time, if the infection does go deep, it is assessed. If it's the 
clear type fluid that Dr. Ochsner first mentioned, the wound is de- 
brided, catheters are inserted. If it is felt there is more purulence 
involved, we then go to the consideration of muscle flaps for 
closure. 

Our current technique for the muscle flap closure has modified 
somewhat over the last few years. At first, we used omentum. Now 
we have gone from using the pectoralis major muscle, based on the 
thoracoacromial, which took a larger dissection, to basing it on the 
internal mammary system, which requires less extensive lateral 
dissection. 

(Slide) We've also made a modification of the pectoral flap. We 
can bisect the pectoralis major muscle, certainly on the nondominant 
side, and rotate it upward and downward, and then the central area 
can be rotated inward. We are now even dissecting less laterally, 
depending on the amount of tissue that we need to place into the 
wound by a predetermined judgment. 

We have had several patients who have returned to their previous 
game of golf, and so there hasn't been any functional problem 
associated with this. This is the early postoperative view of this 
patient. 
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Unstable Angina Pectoris 


Factors Influencing Operative Risk 
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Experience was reviewed with 471 consecutive patients who had 
coronary artery bypass (CAB) operation alone. The hospital 
mortality rate was 2% in 341 patients operated on for treatment 
of stable angina pectoris. There were ten deaths (7.7%) in the 
130 patients who underwent CAB for treatment of unstable 
angina. In this series, age greater than 70 years, poor left 
ventricular function, distal coronary arteries unfavorable for 
grafting and the presence of main left coronary artery disease 
were factors associated with increased operative mortality. In 
78 patients with unstable angina who had none of these 
increased risk factors, the mortality rate was 1.3%. Hospital 
mortality was 33% in patients older than 70 years and 29% in 
patients with poor left ventricular function and/or distal vessels 
unfavorable for grafting. In 23 of the 130 patients, the only 
increased risk factor present was severe stenosis of the main left 
coronary artery and one of them (4.3%) died. Thus, when 
elderly patients and patients with poor left ventricular function 
or poor distal vessels were excluded, the hospital mortality rate 
associated with CAB in patients with unstable angina was low 
(2.0%, 2/101 patients) and equal to that for operation in patients 
with stable angina pectoris. 


N THE SPECTRUM of the clinical manifestations of 
I coronary artery disease, unstable angina pectoris is 
recognized as a syndrome with implications that lie 
between chronic stable angina pectoris and acute 
myocardial infarction. Considerable experience with 
the management of unstable angina has been reported 
during the past ten years. Although the relative merits 
of immediate operation versus prolonged medical 
therapy for this syndrome have been debated in the 
past,*? it is now generally agreed that most patients 
with unstable angina pectoris can be stabilized and 
managed initially with an intensive medical regimen 
that includes bed rest, long-acting nitrates and beta- 
adrenergic blockade.!'?59.!! Coronary arteriography 
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can then be performed in a relatively stable patient. 
Early surgery is recommended for those patients who 
continue to have severe angina and for those who have 
significant stenosis of the main left coronary artery. 
Elective surgery may be recommended, as indicated by 
symptoms, in those patients with unstable angina with- 
out left coronary artery disease who respond well 
initially to medical therapy. 

This general approach to patients with unstable 
angina has been used at The Johns Hopkins Hospital 
for the past several years. Prior to this time, emergency 
coronary revascularization, performed in unselected 
patients with unstable angina, was found to be as- 
sociated with unacceptably high operative risk.? While 
operative mortality for unstable angina has been sub- 
stantially reduced during this latter period, it remains 
higher than that for patients with stable angina pectoris 
who have elective coronary artery bypass. The pres- 
ent study was undertaken in an effort to identify those 
factors that influence operative mortality in patients 
with unstable angina pectoris. 


Clinical Material 


During the 17-month period, January, 1978 to June, 
1979. 47] patients underwent isolated coronary artery 
bypass (CAB) operation at The Johns Hopkins Hospital. 
Patients who had valve replacement and/or ventricular 
resection in addition to CAB were excluded from this 
report. Three hundred forty-one of these patients were 
considered to have chronic stable angina pectoris as a 
result of atherosclerotic coronary artery disease. The 
remaining 130 patients were considered to have un- 
stable angina pectoris. At our Institution, patients with 
unstable angina pectoris, as defined by criteria estab- 
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lished by the National Cooperative Study Group for 
Unstable Angina Pectoris,'' are admitted to the 
coronary care unit where they are placed at bed rest 
and monitored continuously. Acute myocardial infarc- 
tion is excluded. They are treated with beta-adrenergic 
blocking agents, long-acting nitrates and/or topical 
nitroglycerin, sedation, and sublingual nitroglycerin, 
as necessary. If the patient responds satisfactorily to 
this intensified medical regimen, he is discharged from 
the coronary care unit to the hospital ward. Here, his 
activity level is gradually and progressively increased. 
In almost all patients, if angina pectoris continues to 
be well controlled with medical therapy, the patient is 
no longer considered to have unstable angina pectoris 
and is treated as a patient with stable angina pectoris. 
Coronary arteriography may or may not be performed 
in such patients. If the patient continues to have pain 
at rest, or with minimal activity, he is classified as a 
patient with unstable angina pectoris that is refractory 
to medical therapy, and he is considered a potential 
candidate for urgent coronary artery bypass operation. 
Approximately 60% of the patients who enter our 
coronary care unit with unstable angina pectoris re- 
spond satisfactorily to medical therapy and are dis- 
charged from the hospital to be managed as patients 
with stable angina pectoris. In the remaining patients, 
angina pectoris cannot be managed successfully with 
medical therapy, and these patients undergo evalua- 
tion for urgent coronary artery bypass operation. This 
evaluation includes right heart catheterization, limited 
left heart catheterization, coronary arteriography and 
left ventriculography, usually in both the right anterior 
oblique (RAO) and left anterior oblique (LAO) po- 
sitions. 

In the present study, all 130 patients classified as 
having unstable angina pectoris had had a recent 
change in their pattern of angina or the sudden onset of 
severe angina. All had been admitted recently to a 
coronary care unit. Electrocardiographic evidence of 
ischemia was documented during episodes of chest pain 
and myocardial infarction was excluded in almost all 
patients. Despite medical therapy, these patients con- 
tinued to have chest pain at rest or with minimal exer- 
tion. Coronary arteriography and ventriculography 
were performed in all patients. Patients were considered 
to have three.vessel coronary artery disease if, by 
angiography, they had significant stenoses (70% or 
greater) in the left anterior descending, the circumflex 
and right coronary artery systems. Patients were said 
to have single or double vessel coronary artery disease 
if only one or two of these coronary artery systems 
contained a significant stenosis. A patient was classified 
as having significant main left coronary artery disease 
if there were a 70% or greater narrowing of the main 
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left coronary artery. A major coronary artery distal 
to a significant stenosis was classified as unfavorable 
for saphenous vein grafting if that vessel were small 
and/or diffusely involved with arteriosclerosis. Patients 
were labeled as having poor distal vessels for bypass 
grafting if they had three vessel coronary artery disease 
and two or more of the major coronary arteries were 
small or contained diffuse arteriosclerosis. Patients 
were classified as having poor left ventricular func- 
tion, if the left venticular ejection fraction as calculated 
from the RAO ventriculogram was 40% or less. 

When the above criterial were applied to the 130 
patients with unstable angina, 97 patients had three 
vessel coronary artery disease, 24 had two vessel 
coronary artery disease and nine had single vessel 
disease. Thirty-one patients had significant main left 
coronary artery obstruction. Twelve patients had distal 
vessels unfavorable for bypass grafting and six patients 
had poor left ventricular function. Three patients had 
both poor ventricular function and poor distal vessels. 
The ages of the 130 patients ranged from 32 to 78 
(mean: 57 years). Twelve of the patients were 70 years 
or older. Ninety-two were men and 38 were women. 

Saphenous vein grafting was performed in all pa- 
tients during cardiopulmonary bypass using a bubble 
oxygenator, a hemodilution prime, and with systemic 
cooling to 20-28 C. All distal anastomoses were per- 
formed using 7.0 prolene sutures with the aorta cross 
clamped and the heart arrested with a cold (4 C) hyper- 
kalemic (37 mEq/L) solution. Topical hypothermia was 
also employed and was accomplished by the intra- 
pericardial application of saline at 4 C. Systemic re- 
warming was commenced during construction of the 
last distal anastomosis. The proximal anastomoses 
were performed using 6-0 prolene sutures with the 
ascending aorta partially occluded and during coronary 
artery perfusion through the aortic root. Distal anas- 
tomoses performed averaged 3.2 per patient. 


Results 


Of the 341 patients having coronary artery bypass 
operation for treatment of stable angina pectoris, 
seven died (mortality rate, 2.0%). Death was due to 
low cardiac output or ventricular arrhythmia in five 
patients and was due to pulmonary complications in 
the remaining two patients. Poor left ventricular func- 
tion and/or distal vessels unfavorable for grafting were 
present in five of the patients who died. 

There were ten deaths among the 130 patients who 
underwent coronary artery bypass operation for treat- 
ment of unstable angina pectoris (mortality rate: 
7.7%). In the present series, age greater than 70 
years, poor left ventricular function (ejection fraction 
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< 0.40), distal vessels unsatisfactory for bypass graft- 
ing and main left coronary artery disease, were factors 
associated with increased operative mortality (Table 
1). Seventy-eight of the 130 patients had none of these 
increased risk factors and only one patient died post- 
operatively (mortality rate: 1.3%). Death in this patient 
was the result of sudden, massive postoperative hemor- 
rhage from the atrial cannulation site. 

Twelve of the 130 patients were 70 years or older at 
the time of operation and four died (mortality rate: 
33%) as a result of ventricular arrhythmia or low 
cardiac output. In six of the 12 patients the only 
increased risk factor present was age greater than 
. 7/0 years and one of the six died. Four of the 12 patients 
also had poor left ventricular function and/or poor 
distal vessels and one of the four died. Two other elderly 
patients had a significant stenosis of the main left 
coronary artery and both died. 

Of the 21 patients with unstable angina who had poor 
left ventricular function and/or poor distal coronary 
arteries, six patients died following surgery (mortality 
rate: 2976). Five patients succumed to cardiac com- 
plications and the other patient died as a result of 
mediastinitis. 

Severe stenosis of the main left coronary artery was 
present in 31 of the 130 patients with unstable angina. 
The hospital mortality rate in this subgroup of patients 
was 1346 (four deaths among 31 patients). In 23 of these 
3] patients, main left stenosis was the only increased 
risk factor and only one of these patients died (mortality 
rate: 4.3%). 

Twelve of the 130 patients had a combination of 


«w two or more increased risk factors and four of them 
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died (morality rate: 33%). Among the unstable patients 
who survived operation, the incidence of new electro- 
cardiographic Q waves was 8.0% (ten of 120 patients). 
Five of these ten patients had distal vessels unfavorable 
for bypass grafting. 

Twenty-two patients came to coronary artery bypass 
operation while receiving intra-aortic balloon counter- 
pulsation. In one patient, angina was so severe that 
the intra-aortic balloon had been inserted prior to cardiac 
catheterization. In ten patients, the balloon catheter 
was placed preoperatively, but after cardiac catheteriza- 
tion because of the association of unstable angina and 
significant stenosis of the main left coronary artery. In 
the remaining 11 patients, the balloon catheter was 
inserted because of recurrent episodes of severe chest 
pain at rest despite maximum medical therapy. One of 
these 22 patients died postoperatively. The intra-aortic 
balloon was placed immediately after coronary artery 
bypass operation in four patients for treatment of low 
cardiac output. Two of these four patients died. In two 
additional patients, balloon counterpulsation was 
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TABLE 1. Hospital Mortality Rates in 471 Consecutive Patients 
Having Coronary Artery Bypass Operation Alone 





Mortality 

Patients Deaths Rate (%) 

ae ee ee ee oe ee ee aE eS 0S1 DO ae. 
Stable angina: 


All patients 341 7 2.0 
Unstable angina: 
All patients 130 10 da. 
Patients without increased 
risk factors 78 l 1.3 
Patients with increased risk 
factors 52 9 17 
Age > 70 years 
Alone 6 l 17 
Combined with other 
increased risk factors 6 3 50 
Total 12 4 33 


Poor LV function and/or 
poor distal vessels 


Alone 11 3 27 
Combined with other 

increased risk factors 10 3 30 
Total 21 6 29 

Main left stenosis 

Alone 23 l 4.3 
Combined with other 

increased risk factors 8 3 38 
Total 31 4 13 


All patients excluding those 

with poor LV function and/ 

or poor vessels 109 4 3.7 
All patients excluding those 

with >70 years and those 

with poor LV function and/ 

or poor vessels 101 2 2.0 





instituted several hours after operation for treatment of 
low cardiac output due to myocardial infarction, and 
both of these patients died. 


Discussion 


During the recent period of investigation at our 
institution, the mortality rate associated with coronary 
artery bypass for treatment of unstable pectoris re- 
mained higher (7.7%) than the mortality rate associated 
with CAB for treatment of stable angina pectoris (2.0%). 
During this period, however, there was only one death in 
78 patients (1.396) with unstable angina who were con- 
sidered good candidates for bypass grafting according 
to criteria suggested by the National Cooperative Study 
Group for Unstable Angina.!! In the present series, age 
greater than 70 years, poor left ventricular function, 
distal vessels not favorable for bypass grafting and severe 
stenosis of the main left coronary artery were all 
factors associated with increased operative risk. 

Four of the 12 patients older than 70 years died 
postoperatively as a result of myocardial complica- 
tions. Six of these elderly patients also had poor left 
ventricular function, poor distal vessels or main left 
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coronary artery disease and three of them died. There 
was one death in the six patients age 70 years or 
greater who had no other increased risk factors. Al- 
though the numbers are small, these data suggest that 
advanced age alone may net carry a significantly in- 
creased operative risk in patients with unstable angina. 
In the present series, poor left ventricular function and/ 
or distal vessels unfavorable for bypass grafting clearly 
carried a substantially increased operative mortality 
rate. This association has been reported by others.” 
The mortality rate was approximately 30% in the pres- 
ence or poor ventricular function or poor distal vessels 
whether or not the patients were over age 70 or had 
main left coronary artery disease. When patients with 
poor left ventricular function and/or poor distal vessels 
were excluded from this series, the mortality rate for 
operation in patients with unstable angina was 3.7% 
(four of 109 patients). When patients 70 years or older 
and those with poor ventricular function or poor distal 
vessels were excluded, the operative mortality rate was 
2.0% (2 of 101). 

In all patients with unstable angina and main left 
coronary artery disease, operative mortality was 13% 
(4 of 31 patients). Stenosis of the main left coronary 
artery in combination with other increased risk factors 
was associated with a very high mortality rate of 38% 
(3 of 8 patients). In contrast, the operative mortality 
rate was only 4.346 (1 of 23) for patients with unstable 
angina who had severe stenosis of the main left coronary 
artery, but who were less than 70 years old and had 
both good left ventricular function and favorable distal 
vessels. An increased operative risk for patients with 
unstable angina and main left coronary artery disease 
has been reported by others, and the use of preopera- 
tive intra-aortic balloon counterpulsation has been 
advocated to reduce operative mortality." Our 
experience confirms that the patient with unstable 
angina and severe stenosis of the main left coronary 
artery is particularly vulnerable to myocardial ischemia 
from the time of induction of anesthesia until the institu- 
tion of cardiopulmonary bypass. Very careful anesthetic 
management is necessary during this period and we 
believe that preoperative intra-aortic balloon counter- 
pulsation can provide additional myocardial protection 
for many patients with severe main left coronary artery 
stenosis and unstable angina. 

The role of preoperative intra-aortic balloon counter- 
pulsation in the management of all patients with un- 
stable angina pectoris remains a subject of controversy. 
Olinger and colleagues? used balloon counterpulsation 
only rarely and reported a very low operative complica- 
tion rate in patients with unstable angina. However, 
Langou and associates" demonstrated that intra-aortic 
balloon counterpulsation, when instituted prior to the 
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induction of anesthesia, reduced the risk of death and 
perioperative myocardial infarction in those patients 
with unstable angina who had a poor response to 
medical therapy. Balloon counterpulsation was initiated 
prior to coronary artery bypass grafting in 22 of our 
130 patients with unstable angina. The indication for 
this intervention was severe stenosis of the main left 
coronary artery in ten patients and recurrent episodes 
of severe chest pain at rest despite maximum medical 
therapy in the other 12 patients. Only one of these 22 
patients died postoperatively, a mortality rate similar 
to that reported by Langou et al. in such patients." No 
serious postoperative complications resulted from 
balloon counterpulsation in our patients. At present, , 
we recommend preoperative balloon counterpulsation 
for patients with unstable angina who continue to have 
frequent episodes of chest pain at rest despite 
maximum medical therapy, especially if they have 
main left coronary artery disease. 

In this series, perioperative myocardial infarction 
was less common in patients surviving operation than 
that reported by others." However, perioperative 
myocardial infarction undoubtedly occurred in many of 
the patients who did not survive operation since death 
was due to low cardiac output or ventricular arrhythmia 
in eight of the ten patients who died. Five of the ten 
survivors who developed new Q waves in their electro- 
cardiograms postoperatively had distal vessels un- 
favorable for bypass grafting and undoubtedly were at 
greater risk for this complication. 

On the basis of our recent experience, we conclude 
that coronary artery bypass operation performed for 
the treatment of unstable angina pectoris is associated 
with a low mortality rate, comparable to that for opera- 
tion in patients with stable angina pectoris, provided 
the patients are good candidates for operation. How- 
ever, when unstable angina pectoris refractory to 
medical therapy is used as an absolute indication for 
operation regardless of ventricular function, quality of 
distal vessels for grafting and the patient's age and 
general condition, an increased operative mortality 
can be expected. 
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DISCUSSION 


* DR. DENTON A. CooLey (Houston, Texas): One would expect 
unstable angina to have a higher operative, in-hospital risk than stable 
angina because it usually reflects a more extensive and extending type 
of coronary insufficiency. Therefore, his comparative rates of 2% 
versus 7% are not too disturbing to me. 

After reviewing his paper, I believe they employ a more liberal use 
of preoperative intra-aortic balloon pumping than we do in our 
institution. In general, we believe the introduction of the balloon 
pump as a second procedure or as a stage in the preparation of the 
patient for myocardial revascularization is unnecessary and might be 
detrimental to the patient. Therefore, we would prefer to use a more 
direct approach, and take the patient to the operating room and then 
decide whether the balloon assist was appropriate postoperatively. 

It is interesting to note, however, that patients with unstable angina 
seem to have the same type of long-term outlook and prognosis as 
patients with stable angina. Among our own patients, a series of 
patients was collected by one of our cardiology groups who found that 
at the end of five years 93% of the entire group, and 91% of the 
unstable angina group, were surviving. It does indicate that these 
patients have a good prognosis, or as good as that of patients with 
stable angina at the end of the five-year period. 

Recently, we surgeons have been plagued by some of the federally 
supported, so-called random studies which have reflected that 
surgery does not have any influence on long-term survival. For 
example, in the Veterans Hospital survey of stable angina, at the end 


- of three years there was an 87% survival among the surgical patients 


and an 88% survival among those treated medically. 

In another cooperative study of unstable angina, the results re- 
vealed similar findings in survival. 

Among our patients, who included all of the surgical patients, we 
found a cumulative mortality, or attrition, of 2.46% per year over a 
five-year period; and in these patients with unstable angina, 2.44% 
per year. Therefore, it would seem reasonable to operate on patients 


with unstable angina. 


In fact, I would like to ask Dr. Brawley if he has a cutoff period in 
terms of age or risk/benefit ratio for his patients, and would he be in a 
position to deny some patients operation when they have 
uncontrollable angina pectoris? 


DR. ELLIS JoNES (Atlanta, Georgia): The management of unstable 
angina at Emory University Hospital is quite different from that 
described by Dr. Brawley. The protocol for management of unstable 
angina, as Dr. Brawley has mentioned— namely, the studying by 
cardiac catheterization of only those patients who are refractory to 
the most intensive medical management—assures that only the 
highest risk patients will receive surgical benefit. We believe this 
philosophy is wrong, for several reasons. 

First, unless an aggressive posture is taken, many cases of left main 
stenosis will be missed at the initial time of presentation. Second, 
there will be a significant incidence of hospital readmission at some 
subsequent date for recurrent unstable angina pectoris. Third, during 
this interim period there is always the risk of sudden death or 
infarction, with significant myocardial muscle damage. Fourth and 


finally, it's hard to rationalize this cardiologic approach to the 
management of unstable angina in the young patient, when the risk of 
a subsequent serious cardiac event is almost certain. 

Our approach has been to offer cardiac catheterization to almost all 
patients with unstable angina admitted to the coronary care unit. This 
means that approximately 70% of these patients will be acceptable 
candidates for revascularization and will undergo surgery. Another 
10% will have had an occult myocardial infarction, and another 20% 
will not be offered surgery for various reasons. 

Another significant difference in our series over that of the one 
presented is that we do not require the presence of EKG changes 
with pain for the diagnosis of unstable angina pectoris. I think the 
finding of these changes sometimes depends on how many EKG's 
are performed in the coronary care unit. 

Although for this reason we do not have a group of patients 
exactly comparable to that of the authors, hospital mortality is 
influenced by abnormal ST-T changes on EKG. 

(slide) The lower portion of this slide depicts the hospital 
mortality determined by the presence of abnormal ST-T seg- 
ments. If the ST-T segments were isoelectric, there is a 1% hospital 
mortality; if there was depression, 3.1%; but if the ST-T segments 
were elevated, there was a 5.9% hospital mortality. These 
mortality figures may not be truly representative of our recent 
experience, because between the years 1976 and 1979 3040 patients 
received coronary bypass with 25 deaths, a hospital mortality 
of 0.8%. 

An interesting group of patients which may reflect indirectly on 
today's presentation are those having myocardial revascularization 
within 30 days of infarction. (slide) This we would consider a 
truly unstable group of patients. There were 155 patients having 
revascularization within 30 days of infarction. There was about an 
equal incidence of transmural and subendocardial damage. Ejection 
fraction less than 40%, as Dr. Brawley mentioned, was present 
in 13%. The postoperative course was characterized by a high 
incidence of use of i.v. nitroglycerin, inotropes, but only a 1.6 
perioperative incidence of intra-aortic balloon pumping. The in- 
teresting finding in this series was that there were no hospital deaths 
in the 155 patients. 

We would disagree with the frequency, as Dr. Cooley has men- 
tioned, of preoperative intra-aortic balloon counterpulsation used 
by the authors. An incidence of almost 17% seems too high, and 
may reflect less than optimal pharmacologic and anesthetic sup- 
port prior to and shortly after induction of anesthesia. 

Dr. Brawley has stated in his closing remarks that patients 
with unstable angina can be done with a low mortality rate, pro- 
vided these patients are good candidates for operation. Un- 
fortunately, under the present protocol established by the Hopkins 
cardiologists, the candidates for operation will continue to have a 
very high incidence of poor distal vessels, bad left ventricular 
function, left main stenosis, and will by definition have a higher 
mortality rate. 

I have just one question for Dr. Brawley: Was nitroglycerin used 
in the prebypass and perioperative period? 


DR. CLARENCE S. THOMAS, JR. (Nashville, Tennessee): I think 
it bears comment that the crux of this presentation to many of us 
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is that it represents a quantum improvement in results in the treat- 
ment of unstable angina by the surgical group at Johns Hopkins, and 
we all welcome this improvement; not that that means in any way to 
be derogatory, but that we would very much appreciate the 
opportunity to learn some of the lessons that they have learned 
in the process of so doing. . 

About a year or so ago, Dr. Kirklin described the experience 
at that point. with the unstable angina cooperative group, of 
which Johns Hopkins is a member. At that time he pointed out 
that the major factors affecting operative risk in some of the 
institutions involved in that study had to do with the subject that 
Dr. Jones just alluded to; that is, the prebypass, intraopera- 
tive anesthetic management of these individuals. 

I'd like, then, to ask Dr. Brawley if some of the lessons that 
they havé accrued in this excellent and improving experience 
could be passed along to us. 


Dr. RoBERT K. BRAWLEY (Closing discussion): Let me begin by 
making some comments on the use of balloon counterpulsation. 
The ihtra-aortic balloon was used preoperatively in 22 of the 130 
patients in this series. In ten patients the indication for that device 
was refractory unstable angina; that is, angina occurring either at 
rest or with minimal exértion in a patient who had a severe 
obstruction of the main left coronary artery. We consider this 
combination to be particularly dangerous during the period be- 
tween induction of anesthesia and the establishment of cardio- 
pulmonary bypass. We have used the balloon liberally in this type 
of patient. In 12 other patients the intra-aortic balloon was inserted 
preoperatively because of the inability of our cardiologists to 
control angina with maximum medical therapy given to patients in 
the intensive care area. Ordinarily, balloon counterpulsation will 
immediately relieve angina and produce a stable patient. We con- 
sider these 22 patients to be the most unstable of the entire group 
and only 1 of the 22 patients died postoperatively. There were 
no serious complications attributable to the use of the balloon in 
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this series. Thus, we continue to feel that the balloon is a 
helpful adjunct. 

Our use of the intra-aortic balloon has diminished with im- 
provement of our anesthesia techniques during the period be- 
tween induction of anesthesia and establishment of cardiopul- 
monary bypass. In the past an important factor in our frequent use 
of the intra-aortic balloon was the difficulty we had in maintain- 
ing hemodynamic stability in patients with unstable angina during 
this particularly vulnerable period. 

I want to compliment Dr. Jones for his excellent results. We use 
nitroglycerin extensively during the induction of anesthesia, prior 
to cardiopulmonary bypass, and also postoperatively in many, many 
patients. This drug has been a big help, I think, and one of the 
factors that has allowed us to improve our results. 

Dr. Thomas, I believe the major factor in the improvement 
of results at our institution in patients with unstable angina 
pectoris is that we no longer operate on these patients as 
emergencies. Our initial experience with patients operated on for 
unstable angina included a number of patients who underwent* 
emergency operation. Operative mortality was unacceptably high 
during that early period. I believe that if the patient can be stabilized 
with the intra-aortic balloon or with medical therapy and operated 
on semielectively when you have excluded myocardial infarction, 
the results will be better. 

Dr. Cooley's question is to me one of the most important. We 
are now able to recognize patients who are good candidates and 
patients who are poor candidates for bypass operation, whether 
they have stable angina pectoria or unstable angina pectoris. Should 
we offer operation to those patients that we know have a high 
operative risk? Our answer has been: Yes, we should offer operation 
to them, although we recognize that the operative mortality in 
some of these groups may be very high. Usually, these are pa- 
tients who are absolutely refractory to medical therapy. Fre- 
quently, our cardiologists are unable to get them out of the Coronary 
Care Unit, despite maximal medical therapy and there seems 
really to be little else to do with them. 
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ALL PTFE GRAFTS \, / 
ARE NOT ALIKE... ^ 


The IMPRA super structure is completely open allowing for cellu- 
lar ingrowth across the entire graft wall. This feature minimizes 
problems associated with wrapped PTFE grafts. ' 


IMPRA’s unique one piece design provides the 
strength necessary to resist true dilitation? 
while eliminating incidents of fraying or 
unraveling of an outer wrap. 


Structure for patency... 
a logical solution to a 
complex problem. 
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Thanks to a CyberLith™ 
pacemaker Connie’s life is 


back on track. 


FOR PATIENTS, LIKE CONNIE, WHO DON’T RESPOND 
TO DRUG THERAPY, A CYBERLITH CAN PROVIDE A 
NORMAL, ACTIVE LIFE. 


Less than four months after her pacemaker implant Connie 
Yanosick finished 98th out of 409 participants in an annual 
nationally sponsored 6.2 mile race. Connie is an active young 
woman. She is assistant coach of the women’s basketball team at 
Mount Aloysius College in Cresson, Pennsylvania, where she is 
studying to be an occupational therapist assistant. She is also a 
resident advisor in her dormitory and treasurer of the school's 
Occupational Therapy Club. 


Like any college student, Connie enjoys visiting with her 
friends for late-night talk sessions. Classmates majoring in nursing 
frequently check Connie’s pulse just to experience what they term 
the pacemaker “click-in.” A member of an athletic family, twenty- 
year-old Connie still rough-houses with her siblings who don't 
consider her to be “fragile or different.” 


Obviously, Connie is a happy, healthy young woman. Her 
bradycardia is controlled by a CyberLith. Of course her personal 
lifestyle will change over the coming years. But the multi- 
programmable CyberLith will permit her physician to accommo- 
date her changing physical requirements. We feel very certain that 
Connie will experience a lot of living in the future. 


Connie's CyberLith is just one model in the growing family 
of specialized CyberLith pacemakers. Thin and lightweight, 
CyberLith pacemakers permit noninvasive adjustment of stimula- 
tion rate, pulse width, sensitivity level and pacing mode. And, 
the CyberLith has a longer history of reliability than any other 
programmable multi-parameter pacemaker line. CyberLith 
put Connie back on track. It could be the pacemaker of choice 
for your patients. 


Intermedics | 
nter Ics INC. 
PO. Box 617 Freeport, TX 77541 
Tel: 713/233-8611 

Toll Free: 800/231-2330 


Our business is life.™ 





CyberLith™ is a trademark of Intermedics. Inc Freeport, TX. 





38^ 
Intermedics Pulse Generators 


INDICATIONS AND CONTRAINDICATIONS CHANGE OF ADDRESS 


The indications for cardiac pacemaking are increasing as pacemakers become 
more sophisticated and as advanced methods for patient management become 
more widespread. Generally accepted indicetions for long-term cardiac pacing 
include but are not limited to: (1) sick sinus syndrome; (2) chronic, symptomatic 
drug-resistant sinus arrhythmias, including sinus bradycardia, sinus arrest, and 
sinoatrial (S-A) block as seen in sick sinus syndrome; (3) chronic, symptomatic 
second-degree or third-degree A-V block; (4) recurrent Adams-Stokes syndrome; 
(5) bradycardia-tachycardia syndrome; (6) symptomatic bilateral bundle branch A 3 ; 
block; and (7) hypersensitive carotid sinus syndrome (carotid sinus syncope). In Notification should include the old as well 
addition, certain patients presenting with intractable, recurrent, congestive heart 
failure; cerebral or renal insufficiency; or recurrent, drug-resistant tachyarrhythmias 
who have been shown to benefit from temporary cardiac pacing are considered 
candidates for permanent cardiac pacemaking. 


Change of Address: Please allow 60 days 


before date of issue for change of address. 


as the new address, with indication of 


The indications for permanent pacing in the presence of acute myocardial h h h h i se 
infarction have not yet been rigorously defined. Factors to be considered include W et er t ec ange IS temporary or per 
the location of the myocardial infarct, the presence or absence of symptoms, ven- : 
tricular rate, mechanism of the arrhythmias, and response to therapy. In general, manent. Please give the name of the Jour- 
symptomatic drug-resistant bradyarrhythmias which impair cardiac output are cons- 
idered indications for pacing in patients with acute myocardial infarction, regard- 
less of infarct location. nal. 

There are no known contraindications to the use of pacemakers as a medical 
method for control of heart rate. However, hody rejection phenomena such as 
local tissue reaction or skin necrosis, muscle and nerve stimulation, embolism, and 


cardiac tamponade have been reported. 


CAUTION: Federal (U.S. A.) law restricts this device to sale Send Change of Address cards to: 


by or on the order of a physician. 


NOTE: The CyberLith and the CyberLith Programmer are currently ANNALS OF SURGERY 


undergoing clinical evaluation. 


Circulation Department 


A y Lippincott/ Harper 
y^ Intermedics Inc. 2350 Virginia Avenue 
— Our business is life.” Hagerstown, MD 21740 





Complications 


in Vascular Surgery 


Edited by HUGH G. BEEBE, M.D.. 


With 18 Contributors. Ra a ee o esa ae 
Outstanding vascular surgeons from all sec- | J. B. LIPPINCOTT CO. 

tions of the country have pooled their com- | East Washington Square, Phila., Pa. 19105 
posite experience and knowledge for this | 


; Please send me: 
in-depth work. Each has written on a specific » " " 


vascular complication and gives you the bene- 
ht of his expertise in this area. Three objec- 
tives are always in view: 1) To help you 
prevent complications where the causes are 
known and can be anticipated. 2) To provide 
you with a clear guide to the management of 
complications. 3) To establish a foundation of 
information from which you can deal logically 
and effectively with problems not described. 
This work reaps the benefit of significant ap- AW 
praisals of long-term follow-up studies that 
became possible during the last ten years. 


402 Pages * 175 Illustrations * 1973 * $37.50 
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_ New Calcium-Reguating Hormone Solution 


EFFECT OF SALMON CALCITONIN 
ON HYPERCALCEMIA 


Controlled Studies of 52 Patients’ 


Serum 
Calcium 
(mg/100 ml) 


LC 


Number of Patients 


-2 -1 1 
Days of Study 


Plays Important Part 
in Total Treatment of 
Hypercalcemia 


Fast Acting 


Significant results obtained within 2-3 hours 


Compatible 


May be used in conjunction with other anticalcemic measures 


Wide Range of Safety 


No major side effects in high doses;* no interference with 
electrolyte balance 


Action 


Inhibits mobilization of calcium from bone and to some extent 
reduces tubular reabsorption of calcium in the kidney 


Documented 
Effectiveness 
in 77% of 43 
Patients*~4 


IMPROVED 


BNO 
SIGNIFICANT 
EFFECT 


Sjoberg? Fillastre® Wisneski^ 


Calcimar Solution 


(calcitonin-salmon) Armour 


a calcium-regulating hormone 


NOW AVAILABLE IN 
PREPARED SOLUTION FORM 


(Brief summary of prescribing information on reverse side) 


NENNEN ee ht T RR 
*The possibility of systemic allergic reactions shouid not be overlooked. Nausea, vomiting, and local irritation have been reported in about 10% of 
patients. See Brief Summary for additional information. 1. Gray TK, Becker KL, Deftos LJ, Goldsmith RS: Controlled clinical studies with 52 hypercaicemic 
patients. Data on file. 2. Sjoberg HK, Hjern B: Acta Chir Scand 141.90, 1975. 3. Fillastre JP. Humbert G, et al.: Europ J Intensive Care Med 1:185, 1975. 4. Wisneski 


LA. Croom WP. et al: Clin Pharmacol Ther 23:219, 1978 
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(calcitonin-salmon) Armour 


Calcimar Solution 


NOW AVAILABLE 
IN PREPARED 
SOLUTION FORM 
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A Calcium-Regulating Hormone, 

Effective in Early Treatment of 
Hypercalcemia and Hypercalcemic Crisis 
As Part of The Overall Therapy 





BRIEF SUMMARY 


DESCRIPTION: CALCIMAR® (calcitonin-salmon) is a syn- 
thetic polypeptide hormone of salmon origin. CLINICAL 
PHARMACOLOGY: Calcitonin acts primarily on bone, but 
renal effects, and actions on the g.i. tract, are also recog- 
nized. The actions of calcitonin and its role in bone phy- 
siology are not completely understood. Bone — Single 
injections of calcitonin cause a marked transient inhibition of 
the bone resorptive process. With prolonged use, there is a 
persistent, smaller decrease in the rate of resorption. 
Decreased osteocytic resorption may also be involved. 
Possible bone formation may be augmented by calcitonin 
through increased osteoblastic activity. Hypercalcemia — 
Salmon calcitonin has been shown to lower the elevated 
Serum calcium of patients with carcinoma, multiple myeloma 
and, with lesser response, primary hyperparathyroidism. 
Calcium-lowering response occurs about 2 hours after first 
injection and lasts for 6 to 8 hours. INDICATIONS AND 
USAGE: Synthetic salmon calcitonin (CALCIMAR®) is indi- 
cated for early treatment of hypercalcemic emergencies, 
along with other appropriate agents, when a rapid decrease 
in serum calcium is required, until more specific treatment of 
the underlying disease can be accomplished. It may also be 
added to existing therapeutic regimens for hypercalcemia 
Such as i.v. fluids, furosemide, oral phosphate, cortico- 
Steroids, or other agents. CONTRAINDICATIONS: Clinical 
allergy to synthetic salmon calcitonin. WARNINGS: Pregnan- 
Cy — Reproduction studies in two Species have revealed de- 
creases in fetal birth weight, and data in humans are not 
available to exclude a possible adverse effect on the fetus. 
Use of this drug in women who are or may become pregnant 
requires a determination that the potential benefit to the pa- 
tient outweighs the possibility of risk to the fetus. Calcitonin 


has been shown to inhibit lactation in animals and should not 
be administered to nursing mothers. PRECAUTIONS: Allergy 
— Calcitonin is protein in nature; therefore, the possibility of 
a systemic allergic reaction cannot be overlooked. Hypocal- 
cemia — The administration of calcitonin possibly could lead 
to hypocalcemic tetany although no cases have yet been re- 
ported. Patient Instructions — Careful instruction in sterile 
injection technique should be given to the patient and to 
other persons who may administer CALCIMAR® Laboratory 
Tests — Periodic examinations of urine sediment of patients 
on chronic therapy are recommended. Pediatric Use — 
There are no adequate data to support the use of calcitonin in 
children. ADVERSE REACTIONS: Nausea and/or vomiting 
has been noted in about 10% of patients. These effects tend 
to decrease or disappear with continued administration. 
Local inflammatory reactions at the site of subcutaneous or 
intramuscular injection have been reported in about 10% of 
patients. Facial flushing occurred in about 2-5% of patients. 
DOSAGE AND ADMINISTRATION: Hypercalcemia — The 
recommended starting dose of calcitonin in hypercalcemia is 
4 MRC units/kg body weight q. 12h., s.c. or i.m. If response is 
not satisfactory after 1-2 days, the dose may be increased to 
8 MRC units/kg, q. 12h. If still unsatisfactory after 2 more 
days, the dose may be brought to a maximum of 8 MRC 
units/kg, q. 6h. If injection volume exceeds 2 ml, intra- 
muscular injection is preferable, using multiple sites. HOW 
SUPPLIED: CALCIMAR® (calcitonin-salmon) Armour, is 
available as a sterile solution in 2 ml vials containing 200 

MRC units per ml. Store in refrigerator between 
AY 2°-8°C (36?-46*F). 


ARMOUR PHARMACEUTICAL CO. 
Phoenix, Arizona 85077 


© Copyright 1980 by Armour Pharmaceutical Company 
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The principal analgesic ingredient, oxy- 
codone, is a semisynthetic narcotic with 
multiple actions qualitatively similar to 
those of morphine. The analgesic effect 
of oxycodone begins within 10 to 15 min- 
utes after oral administration, peaks at 
45 minutes and persists for 3 to 6 hours.* 
Acetaminophen, a non-narcotic analge- 
sic, complements the pain relief pro- 
vided by oxycodone. 


Summary of Prescribing Information 
Contraindications: Hypersensitivity to oxycodone or 
acetaminophen 


Warnings: Drug dependence: Oxycodone can pro- 
duce drug dependence of the morphine type and 
may be abused. Psychic dependence, physical 
dependence and tolerance may develop upon 
repeated administration, prescribe and administer 
with same caution appropriate to other oral narcotic- 
containing medications. Subject to the Federal Con- 
trolled Substances Act 

Usage in ambulatory patients: Caution patients that 
oxycodone may impair mental and/or physical abili- 
ties required for performance of potentially hazardous 
tasks such as driving a car or operating machinery 
Interaction with other Central Nervous System 
depressants: Patients receiving other narcotic anal- 
gesics, general anesthetics, phenothiazines, other 
tranquilizers, sedative-hypnotics or other CNS 
depressants (including alcohol) with TYLOX capsules 
may exhibit additive CNS depression. When such 
combined therapy is contemplated, the dose of one 
or both agents should be reduced. 

Usage in pregnancy: Safe use not established 
Should not be used in pregnant women unless 
potential benefits outweigh possible hazards 

Usage in children: Should not be administered to 
children 


Precautions: Head injury and increased intracranial 
pressure: The respiratory depressant effects of nar- 
cotics and their capacity to elevate cerebrospinal fluid 
pressure may be markedly exaggerated in the pres- 
ence of head injury, other intracranial lesions or a 
pre-existing increase in intracranial pressure. Fur- 
thermore, narcotics produce adverse reactions which 
may obscure the clinical course of patients with head 
injuries 

Acute abdominal conditions: TYLOX capsules or 
other narcotics may obscure the diagnosis or clinical 
course of acute abdominal conditions 

Special risk patients: Administer with caution to cer- 
tain patients such as the elderly or debilitated, and 
those with severe impairment of hepatic or renal 
function, hypothyroidism, Addison's disease, and 
prostatic hypertrophy or urethral stricture 


Adverse Reactions: Mos! frequent: Lightheaded- 
ness, dizziness, sedation, nausea and vomiting; more 
prominent in ambulatory than non-ambulatory 
patients; some of these reactions may be alleviated if 
the patient lies down. Others: euphoria, dysphoria, 
constipation, skin rash and pruritus. 


Dosage and Administration: Dosage should be 
adjusted according to severity of pain and response 
of the patient. It may occasionally be necessary to 
exceed the usual dosage recommended below in 
cases of more severe pain or in those patients who 
have become tolerant to the analgesic effect of nar- 
cotics. TYLOX capsules are given orally. Usual adult 
dose is one capsule every 6 hours as needed for 
pain 


Drug Interactions: CNS depressant effects may be 
additive with that of other CNS depressants. See 
Warnings 

Caution: Federal law prohibits dispensing without 
prescription 

For information on symptoms/treatment of over- 
dosage, see full prescribing information 

Full directions for use should be read before adminis- 
tering or prescribing 


*Halpern LM. Bonica JJ: Analgesics, in Modell W (ed) 
Drugs of Choice 1978-1979. St Louis, CV Mosby, 1978, 
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After parenteral narcotics... 
maximum oral potency 
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An oxycodone analgesic 
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combination without APC 


TYLOX 


CAPSULES 


oxycodone HCI* 4.5 mg, 
oxycodone terephthalate* 0.38 mg, 
acetaminophen 500 mg 





*Warning: May be habit forming. 


McNeil Laboratories, McNEILAB, Inc., Fort Washington, PA 19034 
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an aerobic/anaerobic spectrum’ efficacy in a wide range 
that includes of infections’ caused by 
Bacteroides fragilis single or multiple pathogens 


* Active agains | o aerobic pathogens —gram-negative * Effective in a wide range of infections* — such as 
as well as gram-positive peritonitis 
* Active agains! nod anaerobic pathogens — including intra-abdominal abscess 
B. fragilis skin and skin-structure infections 
* Active against most -lactamase-producing strains tha 
destroy the activity of many cephalosporins and sonic "€ * due to susceptible strains of indicated bacteria at indicated sites 
Not active against most: strains of Pseudomonas aeruginosa t In vitro Ed does not necessarily imply in vivo effectiveness. T. 
and enterococcií(e Co Streptococcus faex alls. and many (ÜMEFOXIN is often referred to as c i cephamycin In the scientific 
stra ins of Enterobacter cloacae. Methiciltin-resistant staphy literature 


lOCOCCI are i almost unifc nme resistant to MEFOXIN" (Cefox tin 
Sodium. MSD 


. Copyright 1979 by Merck & Co., Inc 


M. 


Mefoxin -. 
Cefoxitin Sodium. MSD 












































ET — VIALS. containing 1 gram and 2 grams cefoxitin equivalent 
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safet A SIMPLE AND FAMILIAR DOSAGE REGIMEN 
com arable Usual Adult Frequency and 
p . Type of Infection Daily Dosage Route 
to cephalothin Uncomplicated forms? of infections 1 gram every 6-8 
such as pneumonia, urinary tract 3-4 grams hours IV or IM 
Generally well tolerated, the most common adverse reaction infection, cutaneous infection | 
being local reactions following IV or IM injection. Contra INSCR GT LTA TOME T 
indicated in patients who have shown hypersensitivity to cefox- actione 7 dre 6-8arams |4hoursor 2 aran 
itin and the cephalosporin group of antibiotics. Give with | 
caution to penicillin-sensitive patients. Antibiotics should be vw ONDE PATRE (STS 
nfections commonly needing anti- c qr S every 
. administered with caution to any patient who has demon bibitice thar iasa (6.0. "dà arms lok helle iex P 
ON strated some form of allergy, particularly to drugs. If an allergic gangrene) | every 6 hours IV 
+ reaction to cefoxitin occurs, discontinue the drug. Serious Padua * | i likel R 
"ie *including patients in whom bacteremia is absent or unlikely 
hypersensitivity reactions may require epinephrine and other me : 
emergency measures. Use of the drug in women of child- For full details on dosage. see Prescribing Information 
ari ial requires that the anticipated benefit b ad 
bearing potential Les gd that : H anticipated benefit be *due to susceptible strains of indicated bacteria at M S D 
weighed against the possible risk. o 
indicated sites 
SEE MERCK 
For a brief summary of prescribing information, please SHARP, 
see following page. DOHME .. 
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Mefoxin . 
(Cefoxitin Sodium MSD) 


Indications: Treatment of serious infections caused by susceptible strains of the 
designated microorganisms in the following dis@ases: ` 
LOWER RESPIRATORY TRACT INFECTIONS, including pneumonia and lung 
abscess. caused by Streptococcus pneumoniae ( formerly Diplococcus pneumo- 
niae), other streptococci (excluding enterococci, e.g.. Strep. faecalis), Staphylo- 
coccus aureus (penicillinase and non-penicillinase producing), Escherichia coli, 
Klebsiella species, Hemophilus influenzae, and Bacteroides species. 
GENITOURINARY INFECTIONS. Urinary tract infections caused by E. coli, Kleb- 
siella species, Proteus mirabilis, indole-positive Proteus (i.e., P morganii, P 
rettgeri, and P. vulgaris), and Providencia species. Uncomplicated gonorrhea due 
to N. gonorrhoeae. 
INTRA-ABDOMINAL INFECTIONS, including peritonitis and intra-abdominal 
abscess, caused by E. coli, Klebsiella species, Bacteroides species including the 
B. fragilis group. and Clostridium species. 
GYNECOLOGICAL INFECTIONS. including endometritis, pelvic cellulitis, anc pelvic 
inflammatory disease, caused by E. coli, N. gonorrhoeae, Bacteroides species 
including the B. fragilis group, + Clostridium species, Peptococcus species, 
Peptostreptococcus species, and group B streptococci. 
SEPTICEMIA caused by Strep. pneumoniae (formerly D. pneumoniae). Staph. 
aureus (penicillinase and non-penicillinase producing), E. coli, Klebsiella species. 
and Bacteroides species including the B. fragilis group. 
BONE AND JOINT INFECTIONS caused by Staph. aureus (penicillinase and non- 
penicillinase producing). 
SKIN AND SKIN STRUCTURE INFECTIONS caused by Staph. aureus (penicillinase 
and non-penicillinase producing), Staph. epidermidis, streptococci (excluding 
enterococci, e.g., Strep. faecalis), E. coli, P. mirabilis, Klebsiella species, Bacte- 
roides species including the B. fragilis group, + Clostridium species, Peptococcus 
species, and Peptostreptococcus species. 
Although appropriate culture and susceptibility studies should be performed, ther- 
apy may be started while awaiting these results. Cefoxitin is not active /n vitro 
against most strains of Pseudomonas aeruginosa and enterococci (e.g., Strep. 
faecalis) and many strains of Enterobacter cloacae. Methicillin-resistant staphylo- 
cocci are almost uniformly resistant to cefoxitin. 
Contraindications: Previous hypersensitivity to cefoxitin and the cephalosporin 
group of antibiotics 
Warnings: BEFORE THERAPY IS INSTITUTED, CAREFUL INQUIRY SHOULD BE 
MADE TO DETERMINE PREVIOUS HYPERSENSITIVITY REACTIONS TO CEFCX- 
ITIN, CEPHALOSPORINS, PENICILLINS. OR OTHER DRUGS. GIVE WITH 
CAUTION TO PENICILLIN-SENSITIVE PATIENTS. ANTIBIOTICS SHOULD BE 
ADMINISTERED WITH CAUTION TO ANY PATIENT WHO HAS DEMONSTRATED 
SOME FORM OF ALLERGY, PARTICULARLY TO DRUGS. IF AN ALLERGIC REAC- 
TION TO CEFOXITIN OCCURS, DISCONTINUE THE DRUG. SERIOUS HYPERSEN- 
SEGUE ee MAY REQUIRE EPINEPHRINE AND OTHER EMERGENCY 
ASURES. 
Precautions: The total daily dose should be reduced in patients with transient or 
persistent reduction of urinary output due to renal insufficiency because high and 
prolonged serum antibiotic concentrations can occur in such individuals from usual 
doses. As with other antibiotics, prolonged use may result in overgrowth of 
nonsusceptible organisms; repeated evaluation of the patient's condition is essen- 
tial. If superinfection occurs, take appropriate measures. Increased nephrotoxicity 
has been reported following concomitant administration of cephalosporins and 
aminoglycoside antibiotics. 
Interference with Laboratory Tests —As with cephalothin, high concentrations 
( -100 mcg/ml) may interfere with measurement of serum and urine creatinine 
levels by the Jaffé reaction and produce false increases of modest degree in creati- 
nine levels reported; serum samples should not be analyzed for creatinine if with- 
drawn within 2 hours of cefoxitin administration. A false-positive reaction for 
glucose in urine has been observed with CLINITEST: reagent tablets. 
Pregnancy — n women of childbearing potential, weigh anticipated benefit against 
possible risks. 
Nursing Mothers — Cefoxitin is excreted in human milk in low concentrations. 
Infants and Children — Safety and efficacy in infants from birth to three months 
have not yet been established. In children three months and older, higher doses 
have been associated with increased incidence of eosinophilia and elevated SGOT. 
Adverse Reactions: The most common adverse reactions have been local reactions 
following intravenous or intramuscular injection. Other adverse reactions have been 
encountered infrequently. Loca! Reactions — Thrombophlebitis with intravenous 
administration; pain, induration, and tenderness after intramuscular injections. 
Allergic Reactions — Rash, pruritus, eosinophilia, fever, and other allergic reac- 
tions. Gastrointestinal — Nausea, vomiting, and diarrhea. Blood — Transient eosin- 
ophilia, leukopenia, neutropenia, and hemolytic anemia; a positive direct Coombs 
test may develop in some individuals, especially those with azotemia. Liver Func- 
tion — Transient elevations in SGOT, SGPT, serum LDH, and serum alkaline phos- 
phatase. Renal Function — Elevations in serum creatinine and/or blood urea 
nitrogen levels. 
Note: In group A beta-hemolytic streptococcal infections, therapy should be main- 
tained for at least 10 days to guard against the risk of rheumatic fever or glomeru- 
lonephritis. In staphylococcal and other infections involving a collection of pus, 
Surgical drainage should be carried out where indicated. Intramuscular injections 
should be well within the body of a relatively large muscle such as the upper outer 
quadrant of the buttock (i.e., gluteus maximus); aspiration is necessary to avoid 
inadvertent injection into a blood vessel. The total daily dosage in infants and chil- 
dren should not exceed 12 grams. 
How Supplied: Sterile cefoxitin sodium in vials and infusion bottles containing 
1 gram or 2 grams cefoxitin equivalent. 
For more detailed information, consult your MSD representative or see full 
prescribing information. Merck Sharp & Dohme, Division of Merck & Co. , Inc. 
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SURGICAL 
ENDOCRINOLOGY 


Clinical Syndromes 


Ld 
Edited by 


STANLEY R. FRIESEN, M.D., Ph.D.(Surg.) 


with 28 contributors 


Here is up-to-the-minute, useable information 
on the known endocrine syndromes requiring 
the attention of surgeons and other physicians. 
The book encompasses all the surgically signifi- 
cant endocrinopathies, both common and rare, 
all ages of patients, from the newborn to the 
elderly, and all accepted techniques of clinical 
and laboratory diagnosis, as well as surgical and 
conservative management. 


The relevant basic sciences are integrated with 
current diagnostic and therapeutic techniques. 
Each of the contributors is a leading authority 
writing on his own area of special interest. 


Among the unique features of this text you'll 
find an illuminating commentary on each 
chapter by Dr. Friesen... step-by-step diagnos- 
tic flowcharts . .. a central table of the humoral 
and biological actions of 20 important endocrine 
syndromes mnemonic names for the 
syndromes . . . diagrammatic illustrations de- 
picting the pathophysiology of each syndrome 
as a composite of clinical findings. 


The volume presents a wealth of extraordin- 
arily current developments, featuring informa- 
tion on such innovative concepts and practices 
as the APUD series of endocrine cells—their 
origin, identification, and clinical applications, 
and the future surgical management of endo- 
crinopathies via transposition and transplan- 
tation of endocrine tissues. 


430 Pages / 110 Illustrations / 1978 / $34.50 
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Corrected Transposition and Ventricular Septal Defect 


Surgical Experience 


CARLO MARCELLETTI, M.D., JAMES D. MALONEY, M.D., DONALD G. RITTER, M.D., GORDON K. DANIELSON, M.D., 


The entire 21-year experience at our institution with intra- 
cardiac repair of corrected transposition of the great arteries 
(CTGA) associated with ventricular septal defect (VSD) is re- 
viewed. There were 53 such operations. The hospital mortality 
rate fell from 50% before 1972 to 18% since then (p < 0.02), 
and was 19% when a systemic ventriculotomy was not used 
compared to 60% when it was used (p — 0.01). A technique is 
described for correction of CTGA with VSD and pulmonary 
outflow tract obstruction (POTO) designed to minimize risk 
of heart block and to increase the degree of relief of POTO: 
the VSD patch is placed to the right side of the conduction 
tissue and the pulmonary outflow tract, and POTO is bypassed 
with an extracardiac conduit. This technique reduced the in- 
cidence of complete heart block from 67% by direct relief of 
POTO to 28% (p — 0.05) and decreased the frequency of 
inadequate relief of POTO from 50% to 8% (p < 0.01). How- 
ever, experience with these two approaches was not concur- 
rent. Successful intraoperative mapping of the conduction 
bundle was associated with operatively induced heart block in 
37%, whereas prior to the availability of mapping the incidence 
of heart block was 57% (difference not significant). Twelve 
patients required atrioventricular (AV) valve repair or replace- 
ment, and in them the operative mortality was 50%, compared 
to 20% in the remainder (p < 0.05). For the 21 patients with 
VSD and POTO who achieved good relief of POTO, the opera- 
tive mortality was only 5%. These findings suggest that good 
progress has been made in the surgical repair of CTGA with 


` VSD, though further improvement in results is required. 


ORRECTED TRANSPOSITION of the great arteries 

(CTGA) has been termed "'levotransposition of 
the great arteries with ventricular inversion” and, 
preferably, ‘‘atrioventricular (AV) discordance with 
ventricular-great artery discordance.’ In its isolated 
form, this anomaly allows physiologically normal circu- 
lation. The most commonly associated anomalies are 


Presented at the Annual Meeting of the Southern Surgical Associa- 
tion, December 3-5, 1979, Hot Springs, Virginia. 

Reprint requests: C. Marcelletti, M.D., % Section of Publica- 
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55901. 
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ventricular septal defect (VSD), pulmonary outflow tract 
obstruction (POTO), and atrioventricular (AV) valve 
malfunction. '9:5.12.15.22.26.28 

Intracardiac repair of VSD in CTGA has presented 
technical problems and has been associated with a high 
operative risk.*:!*152* Progressive definition of the rela- 
tive merits of the different approaches to the VSD,?!*" 
the use of conduits in establishing unobstructed flow 
between the pulmonary ventricle and the pulmonary 
artery,??? and better knowledge of the anatomic rela- 
tions of the conduction system to the VSD and pulmo- 
nary outflow tract'? *!5* 7^3? have provided a more 
favorable basis for the repair of this malformation." 

The present study reports the entire Mayo Clinic 
experience with the intracardiac repair of VSD in 
CTGA, with and without POTO. 


Clinical Material 


From May 1958 through August 1979, a total of 53 
patients with CTGA and associated VSD (and with or 
without POTO or AV valve insufficiency, or both) under- 
went intracardiac repair of VSD. (Cases of AV dis- 
cordance and double-outlet right ventricle are excluded 
from this series.) There were 26 male and 27 female 
patients; and their ages at operation ranged from two 
months to 41 years, with a median of 12 years. 

Preoperative electrocardiograms demonstrated nor- 
mal sinus rhythm in 45 patients (of whom two had 
prolonged P-R interval), atrial fibrillation in one patient, 
and high-grade heart block in 7 patients (of whom four 
had previous documentation of normal sinus rhythm). 
Mild to moderate elevation of pulmonary resistance 
(RP between 5 and 8 U: m?) was found in 3 of the 12 
patients with isolated VSD, and severe elevation (RP 
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TABLE 1. Associated Anatomic Defects 
in 53 Cases of VSD With CTGA 
Associated Defects Patients, no. 
None additional to VSD . 12 
VSD: single 

multiple 

Pulmonary outflow tract obstruction 39 

valvular 

subvalvular 

valvular + subvalvular 

pulmonary atresia 

hypoplasia of pulmonary outflow tract 
AV valve incompetence 10 

left 

right 

both 
Cardiac defects 36 

atrial septal 

common atrium 

anomalous systemic venous return 

persistent left superior vena cava 

partial anomalous pulmonary venous 

connection 

coronary-pulmonary artery fistula 

coronary-right atrium fistula 

supramitral valvular membrane 

absence of coronary sinus 

patent ductus arteriosus 

juxtaposition of atrial appendages 

coarctation of aorta 

"over-under'' ventricles 

straddling left AV valve 
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12.6 U:m?) in one patient with associated left AV 
valve abnormality. Situs solitus was found in 51 pa- 
tients, with levocardia in 42 and dextrocardia in nine 
patients; and situs inversus totalis with dextrocardia 
in two patients. The anatomic findings at the time of 
operation are summarized in Table 1. 

Palliative surgical procedures had been done previ- 
ously in ten patients. Banding of the pulmonary artery 
had been performed in three patients, Potts anastomosis 
in one patient, and right Blalock-Taussig anastomosis 
in three patients. One patient with pulmonary atresia 
and nonconfluent pulmonary arteries had had a right 
Blalock anastomosis and interposition of a Dacron® 
tubular graft as a shunt between the left subclavian artery 
and the left pulmonary artery. Another patient with 
pulmonary atresia and a diminutive left pulmonary artery 
had had a Waterston shunt. One patient had had three 
aortopulmonary shunts, a Blalock-Taussig anastomosis, 
a Waterston shunt, and a Potts anastomosis. 

One patient had previously undergone replacement 
of the regurgitant left AV valve, but without repair 
of the VSD. 


Operative Considerations 
VSD: Approach and Closure 


The VSD was exposed in 10 patients by incision of 
the right atrium (Table 2), which was supplemented in 
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3 patients by detaching the septal leaflet of the right 
AV valve. In another patient, where replacement of 
the right AV valve was required, the valve was ex- 
cised before the VSD was repaired. In three patients 
(additional to the ten), where there was associated 
unusual ventricular rotation, an initial atriotomy had 
given inadequate exposure, so that ventriculotomy was 
necessary to allow closure of the defect. 

Incision of the pulmonary ventricle (morphologic left 
ventricle) gave adequate exposure of the VSD in 33 
cases, and incision of the systemic ventricle (morpho- 
logic right ventricle) was satisfactory in 6 patients, 
though a papillary muscle to the left AV valve con- 
cealed the margins of the defect in a seventh patient. 
The systemic ventriculotomies were used predominantly 
in the early years of this experience. Bilateral ventricu- 
lotomies were required in three cases because single 
ventriculotomies (one systemic, two pulmonary) proved 
inadequate. 

The VSD was repaired by patch closure in 44 patients 
and by direct closure in seven. In the other two pa- 
tients a fibrous tissue tag originating from the base of 
the posterior leaflet of the right AV valve was used 
as a flap and sutured around the muscular rim of the VSD. 


POTO: Anatomy and Relief 


POTO, which occurs at various sites with CTGA,!^? 
was present in 39 of the 53 patients (Table 1). The pre- 
operative ratio between the systolic pressures in the 
pulmonary and systemic ventricles (PV/SV) was essen- 
tially unity in all cases. It is to be recalled that in 
CTGA the abnormal origin of the pulmonary artery is 
just posterior to the right coronary artery. The pulmo- 
nary outflow tract is wedged deeply into the ventricular 
chamber between the AV valves. The AV conduction 
bundle is related to the distal anterior wall of the pulmo- 
nary outflow tract (Fig. 1), as is the right coronary 
artery. Pulmonary valvotomy or infundibulectomy (or 
both), or otherwise interposition of an extracardiac 
conduit from the pulmonary ventricle to the pulmonary 
artery, have been the alternative and largely consecu- 
tive techniques used to correct POTO (Table 3). Forthe 
earlier use of direct relief of POTO, the lesion was 
approached through an incision in the pulmonary 


TABLE 2. Approach to VSD and Operative Mortality in CTGA 


Deaths* 
No. 
Surgical Approach Cases No. Per Cent Difference 
Atrium, right 10 l ^i 19 
pulmonary 33 7 21 p < 0.01 
Ventricle? systemic 7 4 4 60 i 
bilateral 3 2 67 


* Within 30 days after operation. 
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. major coronary arteries and 


Fic. 1. Longitudinal in- 
cision is made in the morpho- 
logic left ventricle, close 
to apex of heart, avoiding 


insertion of anterior papil- 
lary muscle. 


Outflow Tract 


= / 
Posterior 
Papillary Muscle : 


ventricle, or through an incision in the pulmonary artery 
in the few cases where no pulmonary ventriculotomy 
was used. In 25 more recent cases an extracardiac 
valved conduit was used to bypass the POTO. These 
include a patient with associated pulmonary atresia and 


. nonconfluent pulmonary arteries, in which reconstruc- 


tion was accomplished with a T-shaped valved extra- 
cardiac conduit. In another patient with pulmonary 
atresia and a diminutive left pulmonary artery and previ- 
ous Waterston shunt, the conduit was anastomosed 
end-to-end to the right pulmonary artery. 

In an attempt to reduce the risk of heart block in 
relief of pulmonary stenosis by means of a valved con- 
duit, a special technique has been developed (Figs. 1 
and 2). The VSD is closed with a large patch, which 
is first attached posteriorly to the base of the right 
AV valve. The suture line along the base of the septal 
leaflet of the right AV valve is continued superiorly 
until the conduction bundle penetrating the anulus has 
been passed. The suture line then leaves the base of 
the leaflet to attach the patch to the endocardium along 
the cephalad and anterior wall of the ventricle, well to 
the right of the pulmonary anulus and conduction bundle. 
Anteriorly it is attached near the junction of septum 
and anterior free wall, thus overlapping the anterior 
surface of the ventricular septum considerably. Caudally, 
the patch is attached to the rim of the septal defect. 
Thus the closure of the VSD is accomplished in such 
a way that both great arteries and the major conduction 
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bundles lie to the left of the patch. Suturing near the 
conduction bundle is avoided except at the caudal aspect 
of the VSD, which is beyond its area of branching. 
The procedure is completed by dividing the pulmonary 
trunk and closing its proximal stump, or by ligating the 
pulmonary trunk. Then the valved conduit is anastomosed 
distally to the pulmonary confluence and proximally 
to the pulmonary ventricle. 


AV Valve Dysfunction: Basis and Management 


AV valve malformation in corrected transposition 
was first reported by Edwards,'? and his description 
was exemplified by the case of Becu et al.* Allwork 
et al.! recently have demonstrated the high frequency 
of associated left AV valve anomalies resembling Eb- 
stein's anomaly and suggested that the morphologic 
tricuspid valve is anatomically abnormal in the majority 
of cases but functionally deficient in only about one-third. 


TABLE 3. Repair of POTO in CTGA 
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Deaths 
No. 
Procedure Cases No. Per Cent Difference 
O O CCSMAECR oum Xue uc! PPHUR Specs c pcr dr n 
Infundibulectomy 3 0 | 43 
Infundibulectomy 4 3 
+ valvotomy NS 
Valvotomy 7 s 16 
Conduit 25 5 
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Incompetence of one or both AV valves was en- 
countered in ten patients (Table 4). The cause in two of 
them was a supravalvular fibrous ring related to the 
left AV valve. 

Two additional instances of iatrogenic left AV valve 


TABLE 4. AV Valve Incompetence and Surgical Management 


ee a ee RT le ai ee 
Valve lesion No. cases* Procedure 





Preoperative 
left (large cleft between 
septal & post leaflets) 
right (complete cleft of 
posterior leaflet) 
left 3—1 (1) Valve replacement 
1 (0) Annuloplasty 
1 (0) Not treated 


1—1 (1) Valvuloplasty 
* annuloplasty 


1— 1 (0) Valvuloplasty 


right 2—2 (1) Valve replacement 

right + left 2—1 (1) Right annuloplasty 
+ left valve 
replacement 


1 (0) R + L valve 
replacement 
Rereplacement 
+ closure VSD 


left, previous replacement 1— 1 (0) 
latrogenic 
intraop division papillary 
muscle to left AV valve 


Reattachment of 
muscle to VSD 
patch 

Valve replacement 


1—1 (1) 


postrepair left AV valve 
insufficiency 

Mu SU UE aper e qoa scuro SPP RTSO EE 
* Lesion—reparative procedure (and hospital deaths). 


1—1 (1) 
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Pulmonary 
Artery 


Fic. 2. (left) Ventricular 
septal defect is closed in 
such a way that both great 
arteries and the conduction 
tissue lie to left of patch. 
(right) Procedure is com- 
pleted by closing proximal 
pulmonary artery and in- 
serting valved conduit be- 
tween pulmonary ventricle 
and distal pulmonary artery. 


incompetence required intraoperative management. In 
one the margins of the VSD, approached by incision 
of the systemic ventricle, were concealed by a papillary 
muscle to the AV valve. The muscle was divided and 
then reattached to the VSD patch. In the other, severe 
left atrial hypertension was evident after repair of the 
VSD and was thought to be secondary to AV valve 
incompetence. The valve was replaced, but the atrial 
pressure remained elevated and the patient died. Post- 
mortem examination revealed that the systemic ventricle 
was extremely small. 

Depending on the anatomy encountered, incompetence 
of one or both AV valves was managed by valvuloplasty, 
annuloplasty, or valve replacement (Table 4). 


Avoidance of Complete Heart Block 


The course of the intraventricular specialized con- 
duction tissue in CTGA with situs solitus is closely 
related to the anterior aspect of the pulmonary sub- 
valvular tissue and the anterior rim of the VSD?* — 
locations which, in early experience, were thought ideal 
for suture placement and excisional relief of POTO. 
Intraoperative electrophysiologic identification of the 
conduction tissue has been reported previously by our 
group and by others.!*?"?? We attempted it in 32 recent 
cases of this series, achieving success in 27 patients. 

Prior to the intracardiac repair, electrophysiologic 
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exploration was performed under moderate hypothermia 
before or immediately after aortic cross-clamping. 
Atrial pacing was required for mapping in only two pa- 
tients. In 24 patients with situs solitus (including three 
with dextrocardia), electrograms of the common bundle 
were recorded at the anterior edge of the junction be- 
tween the right AV valve anulus and the anterior right- 
ward border of the pulmonary valve anulus. With vary- 
ing degrees of definition, the bundles were followed 
as they passed leftward just caudal to the anterior 
portion of the pulmonary anulus and descended along 
the anterior rim of the VSD. All successful mapping 
procedures were accomplished via a pulmonary ven- 


. triculotomy. Occasionally a portion of a bundle could 


be visualized. In no patient with an anteriorly located 
conduction bundle was conduction tissue also located 
along the posterior or inferior rim of the VSD. The 
intraventricular course of the bundle and its branches 
was traced along the posterior rim of the VSD in three 
patients—two with situs inversus and one with situs 
solitus and dextrocardia. The most proximal portion 
of the conduction bundle was identified in the low right 
atrium in both patients having situs inversus. 

In one patient with Wolff-Parkinson-White syndrome 
and a history of recurrent tachycardia, extensive map- 
ping to locate an anomalous AV conduction bundle 
showed none, nor was the His bundle identified. Seven 
other patients, who had had normal sinus rhythm pre- 
operatively, developed heart block prior to or during 
bundle identification, and in three of these patients 
identification of the conduction bundle was not achieved. 
Of the remaining four patients, three had a junctional 
escape rhythm with block proximal to the common 
bundle, and the fourth had block distal to the common 
bundle. Despite the presence of heart block in these 
four patients during mapping, identification of the con- 
duction bundle was achieved in three, which facilitated 
attempts to avoid permanent injury to the conduction 
bundle during the rest of the operative procedure. Of 
the 27 patients in whom the conduction system was 
mapped before repair, 17 had normal sinus rhythm 
postoperatively. Although permanent electrical pace- 
makers were placed in all patients having complete 
heart block that persisted postoperatively, four of them 
had stable idioventricular or junctional rhythm with 
rates of 45—60 beats per minute. 


Operative Results 


Fourteen patients (26%) died within 30 days after 
operation (11 of low cardiac output, one of acute respira- 
tory insufficiency, one of Legionnaires’ disease, and 
one of incomplete repair). The operative mortality was 
higher after exposure via the systemic ventricle or both 
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TABLE 5. PV/SV Systolic Pressure, Measured Intraoperatively 
(in 37 Cases) After Repair of POTO in CTGA (39 Cases) 

















Infundibu- 
lectomy or 
valvotomy, e Conduit 
or both procedure Total 
PV/SV No. (96) No. (%) No. (9€) 
Hemodynamic results: distribution of patients 
=0.50 5 (42) NS 16 (64) 21 (56) 
0.51—0.70 | (8) 7 (28) 8 (22) 
0.71+ 6 (50) p<0.01 2* Gy. S- 102) 
Total 12 (100) 25 (100) 37 (100) 
Hospital mortality: deaths within 30 days postop 
=0.50 0/5 1/16 1/21. — (S) 
0.51—0.70 0/1 4/7 4/8 (44) P < 0.01 
0.714 3/6 0/2 3/8 
Total 3/12 NS 5/25 8/37 


ee ee EP Oo C BIOS SI SES ee ee SE eS Se 
PV = pulmonary ventricle; SV = systemic ventricle; NS = not 
significant. 
* In 1 case, conduit was anastomosed end-to-end to right pulmo- 
nary artery. 


ventricles than after exposure via the right atrium or 
the pulmonary ventricle (Table 2). All probability com- 
parisons are expressed as two-tail p values, applying 
the standard chi square test of association in a 2 x 2 
table. 

Among the 39 patients in whom POTO was associated 
with the VSD, the pulmonary stenosis was relieved by 
valvotomy or infundibulectomy (or both) in 14, and by 
interposition of a conduit between the pulmonary ven- 
tricle and the pulmonary artery in 25 patients. Table 5, 
relating those techniques of relief to the postrepair 
intraoperative PV/SV ratios (in the 37 cases in which 
these values are known), shows that the ratios remained 
greater than 0.70 in six of the 12 patients who underwent 
valvotomy or infundibulectomy, or both, and in two 
of the 25 who received an extracardiac conduit (p — 0.01). 

Complete heart block requiring premanent electrical 
pacing followed intracardiac repair in 24 (5392) of the 
45 patients who had had normal sinus rhythm preop- 
eratively. The one patient with preoperative atrial fibril- 
lation converted to normal sinus rhythm after intra- 
operative electrical cardioversion at the completion of 
repair (Table 6). 

Of the 39 patients with POTO, 36 had normal sinus 
rhythm preoperatively. Postoperatively, complete heart 
block developed in eight (67%) of the 12 patients in 
whom pulmonary stenosis was relieved by valvotomy 
or infundibulectomy (or both), and in seven (28%) of 
the 25 patients in whom an extracardiac conduit was 
used to bypass the POTO. This difference is signifi- 
cant (p — 0.05). 

Before the availability of intraoperative electro- 
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TABLE 6. Preoperative and Postoperative Rhythm 





Preoperative Postoperative Deaths 
Rhythm No. pt Rhythm No. pt (%) No. (%) 
TA cM A a ee 

NSR 21 (47) 3 (14) 

5 | 
NEA = | CHB 24 (53) 7 (29) 
CHB 7 CHB 7 (100) 3 (43) 
AF l NSR 1 — l — 





NSR = normal sinus rhythm. 
CHB = complete heart block. 
AF = atrial fibrillation. 


physiologic mapping of the specialized conduction sys- 
tem, heart block developed in eight (57%) of 14 patients. 
Since the technique has been applied, heart block has 
occurred in 10 (3792) of the 27 patients in whom it was 
successful. The difference is not statistically significant. 

Among the 12 patients with AV valve incompetence 
of such severity as to require surgical management, 
there were six early deaths (Table 4), compared to eight 
deaths (20%) in the 41 other patients (p < 0.05). 

A reduction of operative mortality was achieved dur- 
ing the period of this experience: from 50% (7/14) in 
the years 1958—1971 to 18% (7/39) in the years since 
(p « 0.02). 


Discussion 
Selection of Approach 


The results of repair of VSD associated with CTGA, 
with or without POTO, may be influenced by the ap- 
proach to the VSD. Operative mortality was higher 
after access through an incision in the systemic ventricle 
than after approach through the pulmonary ventricle 
or the right atrium. However, the systemic ventriculo- 
tomy was used primarily during the early years of this 
experience. 

Accurate intraoperative identification of the course 
of the coronary arteries can guide the incision over the 
morphologic left ventricle. The position of the anterior 
septum is indicated by the anterior descending coronary 
artery, and the site of attachment of the anterior papil- 
lary muscle of the right AV valve to the wall of the 
ventricle frequently is marked by direct branches from 
the anterior descending artery.! The position of the 
anterior papillary muscle may be delineated further by 
palpating with an intracardiac finger passed transatrially. 
The longitudinal ventriculotomy should be placed 
toward the apex, between major coronary arterial 
branches, well to the right of the anterior descending 
coronary artery. If the incision is extended too far 
cephalad. the conduction bundle may be injured by 
division or retraction. Damage to major coronary arterial 
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branches and detachment of the anterior papillary 
muscle have been associated with high mortality .*** 
Incision of the pulmonary ventricle offers the advantage 
of becoming the site of the proximal anastomosis when 
a conduit is used to relieve POTO. 

The transatrial approach to the VSD is the least 
traumatic, and the exposure it provides is usually satis- 
factory. It has the disadvantage of not allowing satis- 
factory intraoperative mapping with the bundle locator, 
because visualization of the pulmonary outflow tract in 
the beating heart is difficult. In some instances exposure 
of the VSD has been facilitated by partial detachment 
of the right AV valve. Our experience suggests that, 


in the absence of POTO, the VSD should be approached , 


through the right atrium. If the exposure is unsatis- 
factory, the pulmonary ventricle can be incised. 
During fetal development, in certain instances of 
CTGA, the bulboventricular loop undergoes excessive 
rotation about its longitudinal or transverse axes, with 


resulting alterations in the plane of the ventricular 


septum, the inflow and outflow tracts of the ventricles, 
and the relationship of the proximal portions of the 
major arteries to each other.?? Such excessive ventricu- 
lar rotation added to the technical difficulties in two 
cases. In one, the systemic ventricle was situated 
directly anteriorly and consequently was the only 
chamber through which the VSD could be visualized 
adequately; and in the other, the superior margin of 
the defect could be visualized only through the systemic 
ventricle.!* 


POTO: Problem and Corrective Technique 


As Anderson et al.? have indicated, in CTGA ‘as a 
consequence of malalignment of interatrial, inter- 
ventricular, and conal septa, the pulmonary outflow 
tract . . . is an obliquely oriented channel which is 
particularly prone to obstruction." The POTO may be 
at the valvular or subvalvular level. In three of our 
patients the subvalvular stenosis resulted from presence 
of a fibrous tissue tag between the pulmonary anulus 
and the right AV valve, and in two of them the fibrous 
tag was used to close the underlying VSD. Pulmonary 
valvular stenosis in absence of anular hypoplasia is 
managed by valvotomy. Relief of subvalvular or anular 
stenosis by direct resection or patch enlargement is 
contraindicated because of the presence of the special- 
ized conduction tissue in this region. Patch enlarge- 
ment of the pulmonary outflow tract is further contra- 
indicated because of the overlying coronary artery. 
Thus an extracardiac conduit extending from the 
morphologic left ventricle (pulmonary ventricle) to the 
pulmonary artery seems to provide the most effective 
means for relief of POTO. 


4 


"4 


Vol. 191 e No. 6 


VSD Closure and Heart Block 


Closure of the VSD with a large patch, inserted in 

such a manner that both great arteries are to the left 
of the patch and sutured at a distance from the conduc- 
tion bundle, has significantly reduced the incidence of 
surgically created heart block. This technique requires 
use of an extracardiac conduit to reconstruct the pulmo- 
nary outflow tract. Despite knowledge of the anomalous 
location of the conduction system in CTGA!?- 1520.30 
and the capability of satisfactorily delineating the course 
of the conduction bundle in many patients at opera- 
tion,!*!*795" the risk of heart block remains a major 
concern. 
" An alternative technique for avoiding heart block 
is to deviate the anterior and cephalad attachment of 
the septal patch onto the systemic ventricular surface 
of the rim of the VSD in order to avoid the vulnerable 
area of the conduction tissue.'^'! De Leval et al.,"! 
using this latter technique in 13 recent operations, en- 
countered surgical heart block in two patients (15%), 
as compared to seven (2896) of 25 patients in our series 
treated with the technique we have described. 


AV Valve Problem 


Surgical risk is increased significantly by concomi- 
tant AV valve malformation and dysfunction requiring 
intraoperative management. Unfortunately, lesions of 
the AV valve that produce incompetence are so com- 
mon that they might be considered a basic part of the 
pathologic entity of CTGA.'?* Our experience does 
not provide an answer to the question of the best 
management of AV valve incompetence. 


Increasing Success 


Review of our 21-year experience with the surgical 
management of malformations associated with CTGA 


discloses a significant reduction of the operative mor- 


tality from 5046 in the earlier experience to 1842 in the 
last seven years. These results are comparable to the 
15% mortality in the recent four-year experience of 
de Leval et al.'! The improved risk seems to be related 
to a better knowledge of the anatomic and physiologic 
implications of atrioventricular discordance, septal 
malalignment, and the anomalous course of the special- 
ized conduction tissue present in CTGA. Thus, presently 
operation for VSD and POTO associated with CTGA 
can be recommended with greater optimism than earlier 
experience would justify. Nevertheless, even the cur- 
rently available intracardiac operations for the repair 
of defects associated with CTGA must be recognized 


“= as being only partially corrective procedures, since 
" atrioventricular discordance persists postoperatively. 
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Information concerning the late results of these opera- 
tions must be awaited with concern. 
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DISCUSSION 


DR. CLARENCE S. WELDON (St. Louis, Missouri): This report of a 
series of operated patients with ventricular septal defect in L- 
transposition hearts is, of course, unique, and as a consequence 
it is the reference source to which all, who like me encounter these 
patients less frequently, must consult. 

As a matter of fact, it used to be my policy when one of 
these patients came to my attention, to call one of the surgeons 
at the Mayo Clinic and ask them whether they currently favored 
a right or a left ventriculotomy. It seemed to me that they had a 
great deal of trouble making up their minds. The reason of course 
is that neither ventricular approach is satisfactory. If you open the 
right ventricle, you are limited by coronary anatomy, and if you 
open the left ventricle, you are limited by the fact that the mitral 
valve apparatus is between you and the ventricular septal defect. 

Fortunately, it has been found that an ideal approach to a 
ventricular septal defect in L-transposition heart, when there is no 
associated left ventricular outflow tract obstruction, is through the 
right atrium, and then through the mitral valve. This is such a 
successful approach that we now feel that L-transposition with 
ventricular septal defect may be repaired in infancy. The ap- 
proach to the ventricular septal defect is quite as straightfor- 
ward as it is in hearts with a normal ventricular situs. 

Some years ago, I did approach, in an older child, a ventricular 

septal defect in an L-transposition heart through the root of the 
aorta, which is an anterior structure. I found this approach quite 
satisfactory, and I would like to ask Dr. Wallace whether he thinks 
a transaortic valve approach has any role to play in this defect, 
especially in light of the new information which he has about the 
site of the conducting system. 
. ]t seems to me, however, that the problem of left ventricular 
outflow obstruction is much more complex. If the left ventricular 
cutflow tract obstruction exists in the form of a previously placed 
pulmonary band or in the form of pulmonary valve stenosis, then 
left ventricular outflow tract obstruction is easily relieved by con- 
ventional techniques, and can be combined with a transmitral 
closure of the ventricular septal defect. However, if the left 
ventricular outflow tract obstruction is, as it so often is, an intra- 
ventricular obstruction, then I quite agree that this intraventricular 
obstruction in the left ventricle cannot be relieved by the con- 
ventional techniques of infundibulectomy or of patching the left 
ventricular outflow tract and, indeed, does require a bypass 
conduit placed between the left ventricle and the pulmonary artery. 
Such an operation until recently has been associated with a high 
degree of total heart block from operating in the left ventricular 
outflow tract, and our policy has been essentially to avoid these 
operations and to treat patients with palliative procedures to in- 
crease pulmonary blood flow. 

However, I think this very nice contribution of a devised 
technique for closing the ventricular septal defect by using much of 
the left ventricular outflow tract and thereby avoiding the con- 
ducting system can now be combined with another very important 
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contribution, namely studies which have shown that it is pos- 
sible to predict the postoperative ventricular pressure ratio from 
formulae derived from mathematical models based on the analysis 
of angiographic details. These formulae are quite accurate and I think 
one can now determine preoperatively whether it will be possible 
to relieve all of the obstruction to left ventricular outflow if all of the 
intracardiac obstruction is bypassed. 

Thus, I think, as you heard in the presentation, a very large part 
of the mortality was related to an inability to successfully reduce 
the left ventricular pressure. Whenever preoperative study of the 
angiogram indicates that the left ventricular pressure can be satis- 


factorily reduced, and this is then combined with an operative : 


technique which avoids injury to the conducting system, we may 
finally have a good operation for corrected transposition of the 
great arteries with associated left ventricular outflow tract 
obstruction. 


Dr. ROBERT ALLEN (Memphis, Tennessee): Cardiac surgeons 
have avoided the repair of these defects frequently, because of the 
early mortality rate and the late, rather poor results in the survivors. 

Before 1975, we repaired nine patients with corrected transposi- 
tion, with four deaths; and that’s not as good as it sounds since two 
patients had only ventricular septal defect and pre-existing con- 
genital heart block. 

We approached two through the systemic ventricle and one of 
those died. The survivor has a rather poor late follow-up, with a 
picture much like cardiomyopathy, which we think is possibly 
related to some coronary artery damage. 

(slide) This year we decided to undertake correction again, after 
Drs. De Leval and Stark presented their method of closure of the 
ventricular septal defect through the pulmonary ventricle, but placing 
the patch on the systemic ventricular side. As Dr. Wallace pointed 
out, the conduction system is anterior to the outflow tract, but it’s 
also on the (pulmonary) right side of the septum. 

We repaired an 8-year-old girl with severe pulmonary out- 
flow tract obstruction through a pulmonary ventriculotomy, 
after she had been core cooled to 24°. We used cold potassium 
arrest and we did map this patient. The needle holder was passed 
through the ventricular septal defect, taking interrupted sutures, 
biting on the systemic side of the septum through the defect: 
usually the defect is large enough to do this. 

Its important not to come through the septum. Some years 
ago in closing tetralogies, we decided to place a patch widely on 
the left ventricular side, by bringing sutures through the septum 
inferior to the conduction system and tying them over pledgets 
to hold the patch in place. That worked fine but 2 of 9 patients 
developed late heart block six weeks to six months after the 
surgery. We abandoned going through the septum inferior to the 
conduction system, because | felt fibrosis caused late block. 

But in this instance, you can simply bite the systemic ventricular 
side with interrupted sutures. When the patch is pushed through 
the septum, it disappears into the systemic ventricle which is 
good, because it’s not as likely to leak, since the high pressure 
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ventricle will hold the patch against the septum. We made no 
attempt to resect any of the infundibular muscle since that will 
cause heart block and possibly coronary artery damage. A 
conduit was used to bypass the pulmonic obstruction. 

She was operated on in early October and restudied in late 
November. The patient is in normal sinus rhythm with a normal 
cath study. 

I would like to ask Dr. Wallace if he has some data on what 
happens to the tricuspid valve in this disease and in D-transposi- 
tion where it is subjected to long-term systemic pressure during 
ventricular systole. We have two patients with tricuspid insuf- 
ficiency occurring several years postrepair. 


DR. DENTON A. CooLEv (Houston, Texas): This paper calls to 
mind the very complex problem in the diagnosis and indications 
for surgery in patients with congenital heart disease. Just how far 
should the surgeon go in accepting a risk to correct anatomically 
a disease which is often compatible with long life? 

I noticed that in his diagram of the heart in corrected transposi- 
tion, he did not illustrate the very critical right coronary artery, 
which usually crosses the pulmonary annulus anteriorly, and which 
may prevent some of the customary techniques in enlarging the 
outflow tract into the pulmonary artery. 

Another thing that I would recommend is that in many of these 
patients the initial approach to repair of the VSD should be through 
the root of the aorta. It is often surprising how accessible the 
VSD is made through this approach. This might not be satis- 
factory when one is operating on small infants, but I notice that 
the average age of Dr. Wallace's patients is 12 years. Therefore, I 
believe that before one makes a decision about which cardiac 
chamber to enter, I would recommend one examine the anatomy 
through the root of the aorta. 

Something else which was not emphasized in Dr. Wallace’s pre- 
sentation was the late effects on the left-sided AV valve. So often 
valvar incompetence is the presenting complaint in these patients. 
We have seen an Ebstein’s type of anomaly in the left-sided valve. 
and this complicates the matter further. 

Many patients with corrected transposition enjoy a physiologic 
balance. That is. they have a VSD which is compensated for by the 
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presence of pulmonary outflow obstruction. | believe we should 
approach these patients with some reservation, and not routinely 
recommend anatomical correction when they are physiologically 
fairly stable. 


DR. RoBERT B. WALLACE (Closing discussion): Dr. Weldon’s 
Suggestion that an attempt be made to repair the ventricular septal 
defect through a right atrial approach is certainly most appro- 
priate, and this was done in ten of the patients in this series. 

Dr. Cooley, as well as Dr. Weldon, has suggested repairing the 
ventricular septal defect through the aortic root. We did not use this 
approach but it is quite attractive. Whenever possible it would 
appear desirable to avoid a ventriculotomy. 

Dr. Allen described placing the ventricular septal defect patch on 
the left side of the septum, a technique reported by De Leval 
which may reduce the incidence of heart block. Even in those pa- 
tients who have atrioventricular dissociation preoperatively one 
should still attempt to avoid injury to the conduction tissue as 
some of these patients will have a junctional rhythm with a good 
ventricular rate. Although a demand pacemaker should be im- 
planted prophylactically it may be activated infrequently. 

We have not applied the available mathematical models relating 
the size of the aorta to that of the pulmonary artery to predict 
pressures following repair. 

Dr. Cooley, with his vast experience, makes important con- 
tributions to any discussion on congenital heart disease. I was a 
little surprised by his conservative attitude, but I think he is ab- 
solutely right about this problem. Certainly we would not 
recommend surgery in this condition unless the severity of the 
symptoms clearly warrant it. 

The question of the left AV valve abnormalities which are 
very common in this condition causes concern. The long-term fate 
of this valve working under systemic pressure is not clearly 
defined and only further experience and follow-up will show us 
what problems we can expect. 

I would hope that through this experience and the pertinent con- 
tributions made by the discussants we can look forward to a more 
favorable outcome in those patients requiring surgery for this 
problem. 


Clinical Evaluation of a New Device for the Treatment 


of Tension Pneumothorax 


MARVIN A. WAYNE, M.D.," NORMAN E. McSWAIN, JR., M.D., F.A.C.S.f 


The two accepted major methods for decompression of a 
pneumothorax are needle aspiration in the second intercostal 
space and large bore chest tube insertion in the midaxillary 
line, sixth, seventh or eight intercostal space. Both of these 
devices have drawbacks in the emergency management of a 
tension pneumothorax. Relating to size, ease of insertion, 
volume of air aspirated and cumbersomeness of associated 
equipment. This evaluation of its effectiveness is both in the 
prehospital phase and in the Emergency Department by 
studying 40 patients, 55% of which were prehospital. Sixty 
per cent were placed by EMT-Paramedic personnel. All of 
those patients that survived their multiple trauma long enough 
to allow x-rays to be made, had partial to total re-expansion 
of the pneumothorax. Of those patients undergoing autopsy 
or surgical exploration no indication could be identified of 
pulmonary injury secondary to the insertion of the device. The 
only complications were: intercostal artery laceration and a 
minor laceration of the dome of the diaphram. In summary 
this study of 40 patients demonstrates the effectiveness of the 
use of a device for the management of tension pneumothorax, 
both prehospital and in-hospital by physician and EMT- 
Paramedic personnel. 


ECAUSE OF THE NEED for the rapid decompression 
B of tension pneumothorax prehospital, as well as in- 
hospital, a simple, easily inserted and effective device 
has been previously reported.'^ It was created by 
modifying a percutaneous suprapubic catheter and 
attaching a one-way flutter valve. Our present reports 
adds additional clinical evaluation of its use by physicians 
in-hospital, and EMT-Paramedics prehospital. X-ray, 
operative and autopsy studies now document the 
device’s efficacy and safety. 


Materials and Methods 


The “McSwain Dart t is a 16 French polyethylene 
catheter 15 cm in length. It fits over a stainless steel 
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stylet and is provided with a retractable winged flange 
on its tip to assist in securing it inside the thoracic 
cavity. Through plastic connecting tubing, a one-way 
flutter valve is attached to prevent the back flow of air. 
This also allows suction to be attached (Fig. 1). 

In our present study, the device was used in 40 
patients, 18 were in-hospital, in either the emergency 
department or operating room, the remaining 22 
patients were treated prehospital. In-hospital place- 
ment was performed in 15 cases by a physician and 
three by EMT-Paramedics. In the prehospital phase, 21 
patients were treated by EMT-Paramedics and one by 
a physician. Eight patients required bilateral place- 
ment. six of these were performed in the field and two in 
the emergency department. On two occasions, after 
removal of the ‘‘dart,’’ a pneumothorax reoccurred 
necessitating the darts reinsertion with a successful 
resolution. 

A majority of our patients had been involved in 
multiple trauma, four however, were associated with 
resuscitation from cardiac arrest, and one was an 
iatrogenic pneumothorax produced by the insertion of a 
subclavian iv catheter. 

All paramedic insertions were performed in Belling- 
ham, Washington under the medical control of one of 
the authors (M.W.). The remaining insertions were 
either performed by, controlled, or reported to, one of 
the authors. In 33 patients, re-expansion was confirmed 
by x-ray. The remaining seven patients died immediately 
from their injuries or cardiac disease and the efficacy 
of the dart was determined at autopsy. In all the pre- 
hospital insertions and three of the in-hospital inser- 
tions, the initial identification of the pneumothorax 
was on a Clinical basis. The remainder were confirmed 
by x-ray prior to insertion. 

In 28 patients, the second intercostal 
clavicular line was chosen as the site for insertion. In 
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the remainder, the fourth or fifth intercostal space 
anterior axillary line was used. A skin incision was 
used in all but four patients. Local anesthesia with 
176 Xylocaine with or without epinephrine was used in 
15 of the in-hospital patients but in none of the pre- 
hospital ones. 


Results 


The results of all in-hospital insertions were con- 
firmed by x-ray. In all but one, re-expansion was 95— 
100%. In the other, a bilateral insertion, re-expansion 
was 75% on one side and 90% on the other. In 15 of the 
22 prehospital insertions that survived to the hospital, 
x-rays confirmed 90-95% re-expansion in 10 patients, 
80% re-expansion in five patients, and 70% re-expan- 
sion in three patients (the total of greater than 15 takes 
into account bilateral insertion in three of these patients). 
Seven patients who died prior to arrival at the hospital 
or were dead on arrival at the hospital were all autopsied. 
Special attention was paid to determine the efficacy of 
the dart and any complications that may have occurred 
secondary to its use. Five of the seven patients had 
bilateral insertions. An autopsy estimated re-expansion 
was approximately 90% in six patients, 75% in five 
patients and 60% in one patient (the total again takes 
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into account the bilateral insertions). None of the 
deaths were directly caused by failure of the dart to 
function. This was due to either extreme cardiovascular 
disease in two patients, massive blood loss in four 
patients, and severe head injury in one patient. 

Autopsied patients showed no evidence of significant 
injury to the lung, pleura, or intercostal space caused 
by the insertion of the dart. One patients showed a small 
minor laceration of the dome of the diaphragm, which 
apparently was forced into an extremely high position 
by massive amounts of blood in the abdominal cavity. 
This small laceration in no way contributed to the 
demise ofthe patient and in no way effected the efficacy 
of the dart. The only other known complication of the 
dart's use in these 40 patients was a small hemothorax 
caused when a physician incidentally struck a sub- 
costal artery during insertion of the dart. 


Discussion 


Prior to the availability of the dart, the emergent 
treatment of a tension pneumothorax was limited to 
either the insertion of a needle with or without some 
type of a one-way valve, or the more cumbersome and 
time consuming insertion of a regular chest tube. In the 
prehospital phase of care, treatment has been limited to 
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some type of needle. With a needle came the usual 
problems of needle occlusion by blood or tissue, too 
small size and easy slippage out of the chest wall. The 
dart answered the need for both an in-hospital and pre- 
hospital device to provideeeffective, safe and rapid 
relief of a pneumothorax. Additionally, where some 
care and cleanliness had been exercised prehospital, 
the dart may act as a definitive means of treatment 
and obviate the need to introduce a regular chest tube 
or when blood is also present it may be used in conjunc- 
tion with a regular chest tube. 

The fact that many of these patients did not suffer 
from tension pneumothorax, but rather a simple 
pneumothorax, and yet were easily treated, indicates 
a second area of appropriate use for the dart. Many 
instances of simple pneumothorax, either traumatic or 
spontaneous, can be easily treated by using the dart 
alone. This offers four significant advantages. First, 
it allows the patient to be free of attachment to a cum- 
bersome underwater seal and therefore gives him 
greater mobility. Second, increased mobility may help 
prevent thrombophlebitis and other complications 
caused by inactivity. Third, it is much less costly to 
use a dart instead of a chest tube with an underwater 
seal. Fourth, the cosmetic results of the dart's small 
scar is much more acceptable. 

Although the device has been primarily designed 
for treating a tension pneumothorax, at least 30 of the 40 
patients probably had only a simple pneumothorax or a 
combined hemo-pneumothorax. While some catheters 
later became occluded with blood, all functioned well 
initially. 

Complications that might be expected from a device 
such as the dart would be lung laceration by the trocar, 
injury of a major thorasic vessel, and laceration of an 
intercostal artery. Although hemorrhage from an inter- 
costal artery did occur in one patient, it was minor in 
nature. This might have been prevented by closely 
adhering to the standard technique of placing any chest 
tube just over the ribs in the lower part of the inner 
space rather than under the rib. The small laceration of 
the dome of the diaphragm which occurred when the 
diaphragm was out of its normal position due to intra- 
abdominal blood, again represented only a minor 
complication. It might have been prevented had the 
dart been placed in the second intercostal space mid- 
clavicular line or second or third intercostal space 
anterior axillary line. In patients suspected of massive 
intra-abdominal hemorrhage, this would seem the most 
likely route to use. 

In three of the patients treated with the dart, thoro- 
cotomy was required. One of the authors (N. E.M.) was 
involved on all three of these cases and inspected the 
lung. There was no evidence of lung injury in the 
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vicinity of the dart nor injury which could be related to 
its insertion or the small trocar used with it. 

Autopsy studies on seven of the patients who died 
prehospital and two who died in the hospital did not 
identify any complications due to the dart except for the 
small laceration of the dome of the diaphragm mentioned 
above. It is felt that this is particularly significant since 
all but one dart insertion was accomplished by an EMT- 
Paramedic. The lack of complications when it was used 
in the prehospital period by an EMT-Paramedic 
answers the objections to its use by non-physicians. 
The intercostal artery laceration reported as a com- 
plication was by a physician. If EMT-Paramedics can 


be taught the technique of intracardiac medication in- . 


jection, there is no reason why they cannot be also 
taught this technique. 

The technique can be taught and used by EMT- 
Paramedics safely. The other objection which has been 
raised in prehospital use is in the recognition of a 
pneumothorax by such personnel. Although recogni- 
tion of a pneumothorax, and most importantly a tension 
pneumothorax, may be somewhat difficult in the field, 
with appropriate training and supervision it can be 
taught. This does not mean, however, that either of the 
authors in any way support the use of this or any 
device by EMT-Paramedics without close medical con- 
trol, both in the quality of care rendered in the field and 
by direct on-line physicians evaluating the patient 
using the eyes and ears of the EMT-Paramedic and 
treating the patient using the EMT-Paramedic’s hands. 
Quality prehospital care cannot be given without close 
medical supervision, quality control and continuing 
education. 


Conclusion 


In summary this study has demonstrated that a 
significant number of patients with a pneumothorax, 
both in-hospital and prehospital, can be managed by 
the McSwain Dart. It can be inserted with a high degree 
of efficiency and safety both by physicians and by 
EMT-Paramedics. It has been demonstrated that it can 
expand a lung adequately enough in all instances to 
treat a tension pneumothorax and in most instances to 
manage a simple pneumothorax. Although long-term 
use of the dart to manage a pneumothorax has not 
been demonstrated by this work, its use in the acute 
situation has been. This device should become an ac- 
cepted part of the emergency care armamentarium. 
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„may be only 
half the problem. 


Apprehension and reaction to 
pain make up the other very 
important half. And Synalgos-DC 
is the analgesic that treats both 
halves of the pain problem: 
Promethazine helps relieve ap- 
prehension and reaction to pain, 
while the analgesic components 
help relieve moderate to mod- 
erately severe pain? 

Synalgos-DC contains dihydro- 


"INDICATIONS: Based on a review of this 
drug by the National Academy of Sci- 
ences— Natioríal Research Council and/or 
other information, FDA has classified the 
indications as follows: “Possibly” effective 
for the relief of moderate to moderately 
severe pain in those-situations where the 
physician wishes to add a mild sedative 
effect. Final classification of the less- 
than-effective indications requires further 
Investigation. 


^ CONTRAINDICATIONS: Hypersensitivity to dihy- 
drocodeine, promethazine, aspirin, phenacetin. 
s WARNINGS: Salicylates should be used with 
extreme caution in the presence of peptic 
ulcer or coagulation abnormalities. 
Drug Dependence: Dihydrocodeine can pro- 
duce drug dependence of the codeine type 
and therefore has the potential of being 
abused. Psychic dependence, physical depen- 
dence and tolerance may develop upon 
repeated administration of dihydrocodeine, 
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codeine, a semisynthetic 
narcotic analgesic related to 
codeine, with multiple actions 
qualitatively similar to codeine. 
(i status permits telephone 
prescriptions and authorized 
refills up to 5 times in 6 months 
(unless restricted by state law). 
Dual-action Synalgos-DC 

takes pain off the mind and 

the mind off pain. 


Drocode (dihydrocodeine) bitartrate, 16.0 mg (Warning: May 
be habit-forming); promethazine hydrochloride, 6.25 mg: 


aspirin, 194.4 mg; phenacetin, 162.0 mg; caffeine, 30.0 mg. 


and it should be prescribed and administered 
with the same degree of caution appropriate 
to the use of other oral narcotic-containing 
medications. Like other narcotic-containing 
medications, dihydrocodeine is subject to the 
provisions of the Federal Controlled Sub. 
stances Act. Usage in Ambulatory Patients: 
Dihydrocodeine and promethazine may impair 
the mental and/or physical abilities required 
for the performance of potentially hazardous 
tasks such as driving a car or operating 
machinery. The patient using Synalgos-DC 
should be cautioned accordingly. Interactions 
with other Central Nervous System Depres- 
sants: Patients receiving other narcotic anal- 
gesics, general anesthetics, other phe- 
nothiazines, tranquilizers, sedative-hypnotics 
or other CNS depressants (including alco- 
hol) concomitantly with Synalgos-DC may 
exhibit an additive CNS depression. When 
such combined therapy is contemplated, the 
dose of one or both agents should be reduced. 
Patients who have demonstrated a hypersen- 


sitivity reaction (e.g. blood dyscrasia, jaun- 
dice) with a phenothiazine should not be 
reexposed to any phenothiazine, including 
Synalgos-DC, unless in the judgment of the 
physician the potential benefits of the treat- 
ment outweigh the possible hazards. Usage in 
Pregnancy: Reproduction studies have not 
been performed in animals. There is no ade- 
quate information on whether this drug may 
affect fertility in human males and females or 
has a teratogenic potential or other adverse 
effect on the fetus. Usage in Children: Since 
there is no experience in children who have 
received this drug, safety and efficacy in chil- 
dren have not been established. 

PRECAUTIONS: Phenacetin has been reported 
to damage kidneys when taken in large 
amounts for a long time. Promethazine should 
be administered cautiously to patients with 
cardiovascular or liver disease. Synalgos-DC 
should be given with caution to certain patients 
such as the elderly or debilitated, and those 
with hypothyroidism, Addison's disease and 


prostatic hypertrophy and urethral stricture. 
ADVERSE REACTIONS: The most frequently 
observed reactions include lightheadedness, 
dizziness, drowsiness, sedation, nausea, vomit- 
ing, constipation, pruritus, skin reactions, and 
rarely, hypotension. 

DOSAGE AND ADMINISTRATION: Dosage 
should be adjusted according to the severity of 
the pain and the response of the patient. Syn- 
algos-DC is given orally. The usual adult dose 
Is 2 capsules every 4 hours as needed for pain. 
DRUG INTERACTIONS: The CNS depressant 
effects of Synalgos-DC may be additive with 
that of other CNS depressants. See Warnings. 
Aspirin may enhance the effects of anticoagu- 
lants and inhibit the uricosuric effects of uri- 
cosuric agents. 

Consult direction circular before prescribing. 


IVES LABORATORIES INC. 


New York, NY 10017 Goa) 
Dedicated to improving the VES * 
quality of life. through Medicine? 





For the first time: | 
A regimen proven to pr’ 
duodenal ulcer recurr 
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9 NEW 
Tagamet pong 
cimetidine 
New dosage, New strength 
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„tor - -atientsli': ly to 
need surgical treatment 


Prophylactic use of ‘Tagamet’, at reduced recommended because the consequences of 
dosage, is indicated to prevent ulcer recur- use beyond one year of continuous ‘Tagamet’ 
rence in duodenal ulcer patients likely to therapy are not known. ) 

need surgical treatment, e.g., as demonstrated 

by a history of recurrence or complications, In such patients, 400 mg. (two 200 mg. tablets) 
and in patients with concomitant illness in of Tagamet at bedtime is recommended. 
whom surgery would constitute a greaterthan Prophylactic treatment with higher or more 
usual risk. (Limitation to this population is frequent doses does not improve effectiveness. 


Significant reduction of duodenal ulcer recurrence 
with "Tagamet', 400 mg. (two 200 mg. tablets) h.s. 


In double-blind multicenter studies,“ 400 mg. incidence of duodenal ulcer recurrence, as 


(two 200 mg. tablets) of ‘Tagamet’, taken at compared to placebo, in patients treated for 
bedtime, resulted in a significantly lower up to one year. 

Well tolerated in long-term use 
Adverse effects reported in both the U.S. induced any change which increased in 
and European long-term studies weresimilar severity or frequency with the duration of 
to those reported in the short-term studies.t dosage. 
There was no evidence that ‘Tagamet’ "Data on file, SK&F Medical Department. 


tSee brief summary of prescribing information below. 


Before prescribing, see complete prescribing information in Potentiation of warfarin-type anticoagulants has been 


SK&F Lab Co. literature. The following is a brief summary. observed; close monitoring of prothrombin time is recom- 
Indications: Tagamet' (brand of cimetidine) isindicatedinthe | mended and adjustment of the anticoagulant dose may be 
short-term treatment of active duodenal ulcer; in prophylactic necessary when these drugs are administered concomitantly. 
use at reduced dosage to prevent recurrent duodenal ulcer in Lack of experience to date precludes recommending ‘Tagamet’ 
patients likely to need surgical treatment, such as those with a for use in pregnant patients, women of childbearing potential, 
history of recurrence or complications and those with con- nursing mothers or children under 16 unless anticipated bene- 
comitant illness in whom surgery would constitute a greater fits outweigh potential risks; generally, nursing should not be 
than usual risk (limitation to this population is recommended undertaken in patients taking the drug since ‘Tagamet is 
because the consequences of use beyond one year of contin- secreted in human milk. 

uous ‘Tagamet’ therapy are not known); and in the treatment Adverse Reactions: Diarrhea, muscular pain, dizziness, tremor 
of pathological hypersecretory disorders (i.e., Zollinger-Ellison headache, rash, mild gynecomastia. Decreased white blood 
syndrome, systemic mastocytosis and multiple endocrine cell counts in Tagamet'-treated patients (approximately 1 per 
adenomas). In active ulcer, concomitant antacids should be 100,000 patients), including agranulocytosis (approximately 3 
given as needed for relief of pain. per million patients), have been reported, but no causal rela- 
Contraindications: There are no known contraindications to tionship could be established. A few cases of aplastic anemia 
the use of ‘Tagamet’ have also been reported. Increased serum transaminase and 
Precautions: ‘Tagamet’ has a weak antiandrogenic effect, as creatinine, as well as rare cases of fever interstitial nephritis 
manifested by reduced prostate and seminal vesicle weights and hepatitis, have been reported. 

in rats at dose levels 9 to 56 times the recommended human How Supplied: Pale Green Tablets: 200 mg. tablets in bottles of 
dose. Reproduction studies in animals have shown no evidence 100; 300 mg. tablets in bottles of 100 and Single Unit Packages of 
of impaired mating performance or fertility. The cases of 100 (intended for institutional use only). 

gynecomastia seen in patients treated for one month or longer Injection: 300 mg./2 ml. in single-dose vials and in 8 ml. 

also may be related. One study without a parallel control multiple-dose vials, in packages of 10. 

ent reversible reductions in sperm concentrations in 7 Date of issuance Apr. 1980 

A small rise in basal plasma testosterone has been observed in SK&F LAB CO. SI«GF LAB CO. 
patients receiving Tagamet and in control subjects receiving Carolina, PR. 00630 a Smithkline company 
antacids. OSK&F LAB CO, 1980 


In a 24-month toxicity study in rats at dose levels approximately 
9 to 56 times the recommended human dose, benign Leydig 
cell tumors were seen. These were common in both the treated 


and control groups, and the incidence became significantly © NEW 
higher only in the aged rats receiving ‘Tagamet’ am. 200 Ing. 
Symptomatic response to Tagamet' therapy does not preclude Tablets 
the presence of a gastric malignancy. brand of 


Reversible confusional states have been reported on occasion, - t - Cd i 
usually in elderly and/or severely ill patients. ame ] me 
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Extended in vitro activity* 
against gram-negative 
organisms': Escherichia 
coli, Klebsiella pneumoniae, 
Proteus mirabilis, P. rettgeri, 
P morganii, P. vulgaris! 
Enterobacter,t and 
Haemophilus influenzae."? 


Among newer cephalosporins, 


only Mandol has in vitro 


activity* against H. influenzae 


comparable to that of 


chloramphenicol and superior 


to that of ampicillin.? 


On call: MAND 


" 
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Cefamandole Nafate 


1 g (equivalent to cefamandole activity) in 10 and 100-ml-size vials. 


Demonstrated increased 
in vitro activity* against 
Enterobacter' as compared 


- with other cephalosporins ^ 


In vitro activity* against 
gram-positive organisms, 
including Staphylococcus 
aureus, S. epidermidis, 
beta-hemolytic and other 
streptococci,’ and 
Streptococcus pneumoniae. 


Mandol provides in vitro 
activity* against anaerobes t 


Achieves therapeutic levels 
in pleural and joint fluids, in 
bile and bone.s 


May be.administered both 
ILM. and I. V. 


000312 


Lilly 


See reverse side for summary of prescribing information. 


*In vitro activity is not necessarily indicative of clinical 
effectiveness. 


+Pseudomonas, Acinetobacter calcoaceticus ( formerly 
Mima and Herellea species). most Serratia, enterococci 
(e.g.. S. faecalis). and some strains of P vulgaris are 
resistant in in vitro tests. Initially susceptible strains of 
Enterobacter may occasionally become resistant during 
therapy. 


tMost strains of Bacteroides fragilis are resistant in vitro: 
however. infections caused by susceptible strains have _ 
been treated successfully. 


§ Tissue analysis gives primarily qualitative rather than 
meaningful quantitative data as to the presence or 
absence of an antibiotic in a particular body fluid or 
tissue. Therapeutic efficacy cannot be predicted by the 
level attained in a specific body fluid or tissue. 


Note: Mandol should be given cautiously to 
penicillin-sensitive patients and is contraindicated in 
patients with known allergy to cephalosporins. 


References: 

1. Antimicrob. Agents Chemother.. 9:452. 1976. 
2. Antimicrob. Agents;Chemother.. 8:679, 1975. 
3. Antimicrob. Agents Chemother.. 8:91, 1975 
4. Antimicrob. Agents Chemother., 9:994, 1976. 
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MANDOL "^v 


Cefamandole Nafate 


Brief Summary. Consult the package literature for prescribing information. 


Indications and Usage: Mandol is indicated for the treatment of serious infections caused 
by susceptible strains of the designated microorganisms in the diseases listed below: 

Lower respiratory infections, including pneumonia caused by Streptococcus pneurno- 

niae (Diplococcus pneumoniae) , Haemophilus influenzae, Klebsiella species, Staphylo- 
coccus aureus (penicillinase and non-penicillinase-producing), beta-hemolytic 
streptococci, and Proteus mirabilis 

Urinary tract infections caused by Escherichia coli, Proteus species (both indole-negative 

and indole-positive), Enterobacter species, Klebsiella species, group D streptococci 
(Note: Most enterococci, e.g., S. faecalis, are resistant), and S. epidermidis 
Peritonitis caused by E. coli and Enterobacter species 
Septicemia caused by E. coli, S. aureus (penicillinase and non-penicillinase-producing), 
S. pneumoniae, S. pyogenes (group A beta-hemolytic streptococci), H. influenzae, 
and Klebsiella species 

Skin and skin-structure infections caused by S. aureus (penicillinase and ncn- 

penicillinase-producing), S. pyogenes (group A beta-hemolytic streptococci), H. 
influenzae, E. coli, Enterobacter species, and P. mirabilis 

Bone and joint infections caused by S. aureus (penicillinase and non-penicillinase- 

producing) 

Clinical microbiologic studies in nongonococcal pelvic inflammatory disease in females, 
lower respiratory infections, and skin infections frequently reveal the growth of susceptible 
strains of both aerobic and anaerobic organisms. Mandol has been used successfully in 
these infections in which several organisms have been isolated. Most strains of Bacteroides 
fragilis are resistant in vitro; however, infections caused by susceptible strains have been 
treated successfully. 

Specimens for bacteriologic cultures should be obtained in order to isolate and identify 
causative organisms and to determine their susceptibilities to cefamandole. Therapy may 
be instituted before results of susceptibility studies are known; however, once these results 
become available, the antibiotic treatment should be adjusted accordingly. 

In certain cases of confirmed or suspected gram-positive or gram-negative sepsis or in 
patients with other serious infections in which the causative organism has not been 
identified, Mandol may be used concomitantly with an aminoglycoside (see Precautions). 
The recommended doses of both antibiotics may be given, depending on the severity of the 
infection and the patient's condition. The renal function of the patient should be carefully 
monitored, especially if higher dosages of the antibiotics are to be administered. 

Antibiotic therapy of beta-hemolytic streptococcal infections should continue for at least 
ten days. 


Contraindication: Mandol is contraindicated in patients with known allergy to tht 
cephalosporin group of antibiotics. 


Warnings: BEFORE THERAPY WITH MANDOL IS INSTITUTED, CAREFUL INQUIRY 
SHOULD BE MADE TO DETERMINE WHETHER THE PATIENT HAS HAD PREVIOUS 
HYPERSENSITIVITY REACTIONS TO CEPHALOSPORINS, PENICILLINS, OR OTHER 
DRUGS. THIS PRODUCT SHOULD BE GIVEN CAUTIOUSLY TO PENICILLIN-SENSITIVE 
PATIENTS. ANTIBIOTICS SHOULD BE ADMINISTERED WITH CAUTION TO ANY PATIENT 
WHO HAS DEMONSTRATED SOME FORM OF ALLERGY, PARTICULARLY TO DRUGS. 
SERIOUS ACUTE HYPERSENSITIVITY REACTIONS MAY REQUIRE EPINEPHRINE AND 
OTHER EMERGENCY MEASURES. 

in newborn infants, accumulation of other cephalosporin-class antibiotics (wit 
resulting prolongation of drug half-life) has been reported. 


Precautions: Although Mandol rarely produces alteration in kidney function, evaluation of 
renal status is recommended, especially in seriously ill patients receiving maximum doses. 

Prolonged use of Mando! may result in the overgrowth of nonsusceptible organisms 
Careful abservation of the patient is essential. If superinfection occurs during therapy. 
appropriate measures should be taken. 

Nephrotoxicity has been reported following concomitant administration of aminoglyco- 
side antibiotics and cephalosporins. 

A false-positive reaction for glucose in the urine may occur with Benedict's or Fehling s 
solution or with Clinitest* tablets but not with Tes-Tape* (Glucose Enzymatic Test Strip, 
USP. Lilly). There may be a false-positive test for proteinuria with acid and denaturization- 
precipitation tests. 

As with other broad-spectrum antibiotics, hypoprothrombinemia, with or without 
bleeding, has been reported rarely, but it has been promptly reversed by administration of 
vitamin K. Such episodes usually hav» occurred in elderly, debilitated, or otherwise 
compromised patients with deficient stores of vitamin K. Treatment of such individuals with 
antibiotics possessing significant gram-negative and/or anaerobic activity is thought to 
alter the number and/or type of intestinal bacterial flora, with consequent reduction in 
synthesis of vitamin K. Prophylactic administration of vitamin K may be indicated in such 
patients, especially when intestinal sterilization and surgical procedures are performed. 

Usage in Pregnancy — Safety of this product for use during pregnancy has not been 
established. 

Usage in Infancy — Mandol has been effectively used in this age group, but all laboratory 
parameters have not been extensively studied in infants between one and six months of age; 
safety of this product has not been established in prematures and infants under one month 
of age. Therefore, if Mandol is administered to infants, the physician should determine 
whether the potential benefits outweigh the possible risks involved. 


Adverse Reactions: Hypersensitivity — Maculopapular rash, urticaria, eosinophilia, and 
drug fever have been reported. These reactions are more likely to occur in patients with a 
history of allergy, particularly to penicillin. 

Blood — Thrombocytopenia has been reported rarely. Neutropenia has been reported, 
especially in long courses of treatment. Some individuals have developed positive direct 
Coombs tests during treatment with the cephalosporin antibiotics. 

Liver — Transient rise in SGOT, SGPT, and alkaline phosphatase levels has been noted. 

Kidney — Decreased creatinine clearance has been reported in patients with prior renal 
impairment. As with some other cephalosporins, transitory elevations of BUN have 
occasionally been observed with Mandol; their frequency increases in patients over 50 
years of age. In some of these cases, there was also a mild increase in serum creatinine. 

Local Reactions — Pain on intramuscular injection is infrequent. Thrombophlebitis 
occurs rarely. [062679] 


Additional information available to the profession on request. 
. Sm, Eli Lilly and Company 
: Indianapolis, Indiana 46285 








SECOND EDITION 
a 


Illustrated Preoperative 


and Postoperative Care 


By Philip Thorek, M.D., F.A.C.S., F.I.C.S 
Illustrated by Carl Linden 


Relving on the use of original illustrations cou- 
pled with succinct, on-target text, this second 
edition of Illustrated Preoperative and Postopera- 
tive Care is a masterful exposition of Dr. Thorek's 
rich personal experience. 


Practicalitv is the theme as Dr. Thorek covers 
evaluation of the surgical patient, the immediate 
post-op period, the recovery room, use of fluid 
and electrolytes, chemotherapy, and surgical 
complications. The chapter on surgical pharma- 
cologv, new to this edition, includes the concepts 
of alpha and beta stimulators and blockers as 
they pertain to the therapeutic value of various 


drugs. 


The beautiful illustrations support the text ad- 
mirablv, and in manv cases are fully explanatory 
in themselves. / 


«<< 


. a useful reference source for neophyte or 
experienced surgeon alike.”—Military Medicine 
^... invaluable to any student, surgeon, resident, 
intern or clerk, who ever intends to do surgery 
of any type. —International Surgerv. 


147 Pages * 79 Illus. * 2nd Edition, 1973 * 
$14.00 
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Lippincott 


J. B. Lippincott Company 
East Washington Square e Phila., Pa. 19105 


Please send me: 
[] ILLUSTRATED PREOPERATIVE 





AND POSTOPERATIVE CARE ....... $14.00 
Name i 
Address es — Ce E ered 
Ops a OMNE. 0000 ee Ls 


Payment enclosed 
Save postage & handling 


Charge and bill me 
Plus postage & handling 


Also available at your medical bookstore AS 6/80 
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J DEEP VEIN THROMBOSIS 
? DIAGNOSIS--AND MORE 
A NEW WASCULAB; MODALITY 


SPG-1 STRAIN GAUGE 


PLETHYSMOGRAPH 





L 





CLINICAL APPLICATIONS: 


MedaSonics Model SPG-16 Strain Gauge Plethysmograph 
system provides a simple, noninvasive and readily portable 
method of testing a patient for the presence of Deep Vein 
Thrombosis (D.V.T.). 


The Strain Gauge (SG-33) is attached to the calf and the sys- 
tem senses and records percentage changes in the volume of 
the limb caused by variations in blood volume. 


When venous return flow is blocked by a conventional pres- 
sure cuff, inflated to approximately 50 mm pressure, the 
volume of the leg increases. This change is sensed and re- 
corded. When the cuff pressure is quickly released, the rate 
of fall is recorded and measured. Maximum Venous Outflow 
(M.V.O.) is easily calculated and blockage of venous out- 
flow is readily detected. Another application is the assess- 
ment of chronic venous insufficiency by suitable venous 
reflux tests. 


The Strain Gauge Plethysmograph is also used to study 
arterial flow, particularly in the toes for pulse reappearance 
times and blood pressure. 


THE SYSTEM: 


Two channels are provided to permit simultaneous measure- 
ment and recording from two appendages using the Meda- 
Sonics Model R12A Chart Recorder or a similar recorder. 
Both legs, for example, may be studied at one time without 
moving gauges from one leg to the other, or a digit and leg 
may be observed and recorded simultaneously. 


The strain gauges consist of a sealed double strand of sili- 
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cone tubing filled with an electrically conductive alloy.* 
The tubing is supported and secured with a band of Velcro. 
Due to innovative design, only four sizes are needed: 6 cm, 
24 cm, 33 cm, and 50 cm. 


MORE INFORMATION: 


For more information, including references and prices, or 
to arrange for a demonstration, call our toll-free number 
(800) 227-8076 or fill in the following blank form and send 
it to our Customer Service Department. 

* Patent Applied For 


NAME 


HOSPITAL/GROUP 





ADDRESS 


CITY/STATE/ZIP 


® 





MEDA ROSS 


340 Pioneer Way, P. O. Box M 

Mountain View, California 94042 

Toll-free telephone: 800 227-8076 

In California call collect: (415) 965-3333 j 
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When there is severe 
postoperative vomiting | 








in the adult 


surgical patient 
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* rapid control of nausea and vomiting 


¢ unsurpassed antiemetic action 
* 12 dosage forms and strengths 





brand of 


prochlorperazine 


Before prescribing, see complete prescribing information in 
SK&F literature or PDR. The following is a brief summary. 


Indications: Management of the manifestations of psychotic 
disorders; management of psychoneurotic patients displaying 
primarily symptoms of moderate to severe anxiety and tension; 
and for control of severe nausea and vomiting. 


‘Compazine’ has not been shown effective in the management of 
behavioral complications in patients with mental retardation. 


Contraindications: Comatose or greatly depressed states due 
to C.N.S. depressants; bone marrow depression; pediatric 
surgery. 


Warnings: The extrapyramidal symptoms which can occur 
secondary to 'Compazine' may be confused with the central 
nervous system signs of an undiagnosed primary disease 
responsible for the vomiting, e.g., Reye's syndrome or other 
encephalopathy. The use of 'Compazine' and other potential 
hepatotoxins should be avoided in children and adolescents 
whose signs and symptoms suggest Reye's syndrome. 


Avoid using in patients hypersensitive (e.g., blood dyscrasias or 
jaundice) to any phenothiazine. Caution patients about activities 
requiring alertness (e.g., operating vehicles or machinery) 
especially during the first few days' therapy. Prochlorperazine 
may intensify or prolong the action of other C.N.S. depressants. 
Not recommended for children under 20 pounds or 2 years of 
age. 

Use in pregnancy only when potential benefits outweigh 
hazards. 


Precautions: The antiemetic action of 'Compazine' may mask 
the signs and symptoms of overdosage of other drugs and may 
obscure the diagnosis and treatment of other conditions such as 
intestinal obstruction, brain tumor and Reye's syndrome (See 
WARNINGS). Postoperative aspiration of vomitus has occurred in 
a few surgical patients who received prochlorperazine as an 
antiemetic. Deep sleep and coma have been reported, usually 
with overdosage. Patients on long-term therapy, especially high 
doses, should be evaluated periodically for possible adjustment 
or discontinuance of drug therapy. In children with acute 
illnesses or dehydration, use only under close supervision. 


Adverse Reactions: Drowsiness, dizziness, amenorrhea, blurred 
vision, skin reactions. Hypotension. Cholestatic jaundice, 


SI4Gt 


a SmithKline company 


ÇC . 9 @ 
mpazine Injection 5 mg./ml. 


leukopenia, agranulocytosis. Fatty changes in the liver have been 
observed in a few patients who died while receiving the drug (no 
causal relationhip has been established). Neuromuscular 
(extrapyramidal) reactions: motor restlessness, dystonias, 
pseudo-parkinsonism, persistent tardive dyskinesia. Contact 
dermatitis is a possibility with concentrate and injectable forms. 


Other adverse reactions reported with Compazine 
(prochlorperazine, SK& F) or other phenothiazines: Some 
adverse effects are more frequent or intense in specific disorders 
(e.g., severe hypotension in mitral insufficiency or 
pheochromocytoma). 


Grand mal convulsions; altered cerebrospinal fluid proteins; 
cerebral edema; prolongation and intensification of the action of 
C.N.S. depressants, atropine, heat and organophosphorus 
insecticides; dryness of mouth, nasal congestion, headache, 
nausea, constipation, obstipation, adynamic ileus, inhibition of 
ejaculation; reactivation of psychotic processes, catatonic-like 
states; hypotension (sometimes fatal); cardiac arrest; 
pancytopenia, thrombocytopenic purpura, eosinophilia; biliary 
stasis; lactation, galactorrhea, gynecomastia, menstrual 
irregularities, false-positive pregnancy tests; photosensitivity, 
itching, erythema, urticaria, eczema up to exfoliative dermatitis; 
asthma, laryngeal edema; angioneurotic edema, anaphylactoid 
reactions; peripheral edema; reversed epinephrine effect; 
hyperpyrexia; a systemic lupus erythematosus-like syndrome; 
pigmentary retinopathy; with prolonged administration of 
substantial doses, skin pigmentation, epithelial keratopathy, and 
lenticular and corneal deposits. 


EKG changes have been reported, but relationship to myocardial 
damage is not confirmed. Discontinue long-term, high-dose 
therapy gradually. 


NOTE: Sudden death in patients taking phenothiazines 
(apparently due to cardiac arrest or asphyxia due to failure of 
cough reflex) has been reported, but no causal relationship has 
been established. 


Supplied: Tablets — 5, 10 and 25 mg., in bottles of 100; 
Spansule* capsules — 10, 15, 30 and 75 mg., in bottles of 50; 
Injection — 5 mg./ml. in 2 ml. ampuls, 10 ml. vials, and 2 ml. 
disposable syringes; Suppositories — 2-1/2, 5 and 25 mg.; 
Syrup — 5 mg./5 ml.; Concentrate (intended for institutional 
use only) — 10 mg./ml.; Single Unit Packages of 100 (intended 
for institutional use only) — 5 and 10 mg. tablets; 10, 15 and 
30 mg. 'Spansule' capsules. 


Smith Kline & French Laboratories © 1980 
Philadelphia, PA 
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You May Not 





Realize Were There... 








But What IF We Werent? 


The Kendall Company manufactures many products 
whose presence, performance and quality are a vital 
part of any surgical procedure. Products you may use 
every day and may not be aware of . . .from surgical 
drape packs to apparel, lap sponges, x-ray detectable 
sponges, and other OR. supplies. 


Kendall Operating Room Products are there...every 


day, in every procedure . . . K END ALL 





meeting the exacting 
demands of the surgical 
profession. 

The Kendall company s Hospital Products e One Federal Street e Boston, MA 02101 


INNOVATORS IN PATIENT CARE 


The Kendall Company manufactures the following products for O.R. use: KERLIX Lap Sponges, KERLIX Round Sponges, KERLIX Rolls, CURITY Drape Packs, 
CURITY Apparel, CURITY Gowns, TRIPAQUE Sponges, RONDIC Sponges, CURITY Sponge Counters, CURITY Sterile Components and CURITY Face Masks 


CURITY, KERLIX, RONDIC and TRIPAQUE are trademarks of The Kendall Company. 
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Our single-use special 
procedures instruments 
are so special, it will 
break your heart 
to throw them away. 










From the time you select an Acme United 
Generation ll single-use kit or instrument, until 
the moment you part with it, you should be well 
pleased with the feel, precision and strength. 


These very special special procedures instru- 
ments perform to your most rigid demands in 

the ER or in floor use. In fact, they work so well, it 
might just break your heart that they're single-use. 


But that's what makes them so special. They re 
built well enough to compare with OR-grade 
instruments for special procedures, yet they re 
inexpensive enough to be discarded after a 
single use. 


Each hemostat, forceps, scalpei, scissors, and 
needle holder has the bite, snap or grip of an 
instrument costing many times its price. All we ve 
left out is the extra armament required to with- 
stand the battle of the autoclave. 


So your hospital saves important labor costs with 
these sterile-packed single-use instruments and 


kits, and you help fight the battle of cross con- "The Heartbreakers:: 


tamination without concerns over loss or pilferage. 


We've built 17 different instruments and arrayed 
them in more than 20 sterile kits for suture re- 
moval, general purpose wound closure, and 
incision and drainage. Each instrument is de- 
signed to perform perfectly once, and be gone. 


Our Generation ll is a genuine heartbreaker. To 
consign such fine instruments to the waste pail 
may break your heart, but it won't break 

your budget. 
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Acme United Corporation 
Medical Products Division 
Bridgeport, Connecticut 06609 





` |n a recent study, regular. pancreatic. : 
enzyme tablets, such as Viokase, 


were found to be nearly three times as 
effective as enteric-coated tablets in 
correcting steatorrhea.' Theoretically, 
the enteric coating protects the en- 
zymes from the stomach's acidity and 


releases them in the alkaline environ- 


ment of the small intestine. But in pa- 
tients with pancreatic insufficiency, 
the duodenum and upper jejunum are 
often acidic.? As a result, enteric coat- 
ings "...may reduce the clinical effec- 
tiveness of the pancreatic extracts ' 


Another study reports that, "In the 
dosages used, neither enteric-coated 
enzymes nor supplemental neutraliz- 
ing antacids were more effective than 
pancreatin alone in decreasing steator- 
rhea or improving duodenal enzyme 
delivery.” The authors tentatively con- 
clude that "...acid-resistant enteric- 
coated preparations are helpful only in 
selected cases in which postprandial 
intragastric pH is uniformly low"? Thus, 
enteric-coated preparations appear to 
have limited usefulness in the treat- 
ment of exocrine pancreatic insuffi- 
ciency, and when they are used, their 
effectiveness should betested by deter- 
mination of the response of steatorrhea. ' 


Viokase Still costs less 

Based on figures published in the 1979 
Drug Topic Redbook, daily therapy 
with Viokase can cost your patients 
less than half the price of enteric- 
coated products...and the effective- 
ness of Viokase is confirmed by over 
25 years of clinical experience. 


ix Each 325. mg. Tablet contains Lipase, N-E l FU 


ORN PEE TES ae 
Description: VIOKASE is a pancreà- 


tic enzyme concentrate of porcine ori- 
gin conta ning standardized amylase, 


-protease and lipase activities plus 


esterases, peptidases, nucleases and 
elastase. 


The enzyme potency of the tablets and 
powder are: 


Each 325mg. Each 0.75 gram 

Tablet (Y3 teaspoonful) 
Lipase, N.F Units 6,500 15,000 
Protease, N.F Units 32,000 75,000 
Amylase, N.F Units 48,000 112,500 


Under conditions of the N.F. test 
method (in vitro) VIOKASE has the 
following total digestive capacity: 


Each 325 mg. Each 0.75 g. 
Tablet Powder 
Dietary Fat 23 53 grams 
Dietary Protein 32 75 grams 
Dietary Starch 48 112 grams 


VIOKASE Tablets are not enteric coated. 


Indications: As a digestive aid in Cys- 
tic fibrosis and in exocrine pancreatic 
deficienc es usually due to chronic 
pancreatitis, pancreatectomy or 
obstruction in the pancreas caused by 
malignant growth. 


Administration and Dosage: 
Powder: Dosage to patients with cys- 
tic fibrosis: Ys teaspoon (0.75 grams) 
with meals. 


Tablets: Dosage to patients with Cystic 
fibrosis or chronic pancreatitis —1 to 3 
tablets with meals. For aiding diges- 
tion in patients with pancreatectomy or 


"e mn Amylase, N Fi Units 48,000. 





c “gastrectomy —1 to - tablets taken at 
-hour intervals, or as directed by 


- physician. 


Caution: Federal law prohibits dis- 
pensing without prescription. 


Warnings: Avoid inhalation of powder. 


Precautions: Use with caution in pa- 
tients known to be allergic to pork 
protein. 


How Supplied: 
Powder: Bottles of 4 ounces and 8 


ounces 
Tablets: Bottles of 100 and 500 


Literature Available: Complete liter- 
ature available upon request including 
information on BEEF VIOKASE DE- 
RIVED FROM BEEF PANCREAS FOR 
THOSE EXCEPTIONAL PATIENTS AL- 
LERGIC TO PORK. 


1. Graham, David Y., M.D.: Enzyme Replacement Therapy 
of Exocrine Pancreatic Insufficiency in Man: N. Engl J 
Med 296: 1314-1317, 1977 


2. Benn, A. and Cooke, W.T.: Intraluminar pH of 
Duodenum and Jejunum in Fasting Subjects with Normal 
and Abnormal Gastric or Pancreatic Function. Scand J. 
Gastroenterol 6: 313-317, 1971 


3. Regan, Patrick T., M.D., Malagelada, Juan-R. M.D., 
DiMagno, Eugene P, M.D., Glanzman, Scotty L. and Go, 
Vay Liang W., M.D.: Comparative Effects of Antacids. 
Cimetidine and Enteric Coating on the Therapeutic Re- 
sponse to Oral Enzymes in Severe Pancreatic Insuffi- 
ciency; N. Engl J. Med 297: 854-858, 1977. 


©1979 Viobin Corp. 





VIOBIN CORPORATION 


A Subsidiary of A.H. Robins Company 
Monticello, IL 61856 
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| Bringing the latest medical electrical edging and helps 





: i- ou place the pad — quickly 
ds hebes | Jou place the pad- quei 
Zimmer trademark. PATIENT CARE 

Not only are we a leader SYSTEMS 
in surgical implants — hips, a Core Sono 
knees, and other joints — The Patient -are y: ip 
but we have expanded our Division of Zimmer 
expertise into other surgical carries a collection » 
areas such as electrosur- orthopaedic softgoo S, 
gery, closed wound suction, splints, and traction 
patient care, and air sur- supplies. The Patient Care 
gical instruments. line also includes PCS 
We know and under- Anti-Embolism Stockings 
| stand how skillful, profes- to assist you in your hospi- 
| sional hands like yours can tal's thromboembolism 
| make all the difference a prevention program. 
knowing how to select an 
| to use open. room AMSCO/ HALL 


equipment. Because of this, | SURGICAL 
we are constantly striving The latest in air Surgery 
to provide you with the very j 







equipment is apparent with 
best in surgical products. the “works in the handle” 
ORTHAIR™ Series. The 
MICRO™ Series, SUR- 
GAIRTOME® Two and the 
EOM ORIES OTOTOME™ Instrument 
LAB Systems are examples 
SNYDER HEMOVAC™ of technology designed to 
(Wound Drainage Device) make power Surgical 
Is the accepted Standard in instruments 
Wound drainage Systems. lightweight 
With an extensive line of 


compact. : 


ro 






tubing, needles, €vacuators, 
and Specialty kits, the 
SNYDER HEMOVAC line 
Offers you Virtually every 


NL 
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ings and easy to Oper- ZIMMER. $4 
es Option in Wound ate. All of these instruments Warsaw, TER US 
ainage. are also Lube-free. ZIMMER VUSASINTERNA 
Paris, Frankfurt, Brussels, Toronto, 
ASPEN LABS 


Tokyo, Sydney, Auckland, Sao Paul 
When it Comes to electro- 


Surgery, Aspen lends a help- 

ing hand. A.D.E.™ (Aspen 

Dispersive Electrode) is 

just one of the man 

Products to come atl From 
way. Its unique figure 8 ZIMMER, 
shape increases anatomical of course, 
Conformability minimizes p 
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SMe, Burroughs Wellcome Cc 
$ = Research Triangle Park 
"Lus North Carolina 27709 
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